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A.  flftfarencog 

(a)  - BurceJ  of  eecret  lett nr  f'. 7 (7-23-~; 

Serial  ro.  237  -f  August  1,  1938. 

(b)  - "ur rau  ’Ti.Tinecri-.j  secret  latter  S-97C  (3-16-**.) 

Serial  JTo.  249  of  Aujust  17,  1939. 

(c)  - JUral  Research  Laboratory  secret  letter  S-367/33 

Serial  Vc.  Ill  of  January  17,  1939. 

(d)  - bureau  of  Engineering  secret  letter  7 (L-24-R) 

Serial  Bo.  321  of  March  2,  1939. 

the  establishment  of  the  ;er.eral  problem  of  pulse  transmission 
and  reception  is  ^iron  In  reference  (a)  a a Bureau  of  •Jv.inoerinc  Problem 
X4-13. 


The  eetabllshnont  of  the  specific  problem  of  julse  tr-ins-tailon 
and  reception  applied  to  ship  to  ship  recoi^iitlon  la  ^ren  In  refrre v.co 
(b)  as  Bureau  of  ^vilnoorin,;  Problem  X7-2S. 

A prel  ini  .ir.-  report  ~>n  the  n'  ip  te  rhi  p r<?c*jnl  tl  on  sycton  Is 
;4Ten  In  reference  (c). 

T..«  authorisation  for  a - r.o  jul.  c ;r  up,  trv  e -sinter  relay 
operated  recognition  ayoten  la  -lv**n  in  refinance  (.!).  7.. is  reforev.ee 

also  calls  for  a tw.  ;mu,;,  four  <*■ -inter  a.s>-.  tc  V hoi:  in  reserve 
in  case  c f a.-,  ircr  -j.-.cy. 

The  system.  horoln  ’.escri’.  ‘ Is  u one  p.-eu;  electronic  spa  ten 
usi-i  • or.<-  currier  fr  . i.-ncy,  The  Lr.f  or  in  a*.  <r.:t pr.-ieth  of  t • syr ten 
called  for  In  t.vc  n itv'rization  anl  '.5  considered  far  superior  to  t!ic 
relay  syaie-i.  The  ’cv.*l »> . rv  rst  of  »:  o .w  a/  ♦.*-  ‘”r»  - t..«»  r>t..rr  and  the 
roasjr.c  f • s..a  . c.r.  r»  la  arc.  disc  j.-so  : In  lol.nl  1 un  *cr  'octirn  71. 
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ii.  sstszsn.  or  r*<*qa 

Dw  function  of  a recognition  ay* ten  la  alnply  that  of  jiroviding 
a n ana  whereby  any  ship,  plana,  eubeariruj,  ground  station,  or  the  Ilka 
can  reliably  determine  whethsr  any  other  ship,  plane,  submarine,  ground 
atatlon  or  the  like  la  that  of  a friend  or  an  energy,  furthermore.  It 
mat  do  ao  without  betrnylnc  It*  a If  to  the  an  ary, 

Recognition  can  of  oouree  be  simply  reduced  to  that  of  visual 
ldentlf loatl on  (by  silhouette,  etc.)  in  which  caae  ary  recognition  ay* tew 
(optloal,  radio,  etc.)  would  merely  act  as  a check  on  tin?  visual.  However, 

In  the  general  oaae  the  visual  method  cannot  ha  railed  upon,  aa  for 
example  In  the  oaaa  of  fog  or  at  night,  and  tone  other,  more  reliable 
eye teai  becomes  necessary. 

The  method  proposed  herein  Is  one  utilising  signals  at  radio  fre- 
quencies or,  more  specifically,  at  the  ultra-high  radio  frequencies  of 
XOC  to  500  megacycles  per  second. 

SIam  this  problem  was  originally  for  purposes  of  ship  to  ship 
recognition,  it  will  hereafter  be  aa tuned  that  the  recognition  problem 
la  between  tiro  ships.  It  la  not  at  all  confined  to  this,  althou^  In  its 
jreesnt  shape  Its  weight  would  not  laid  itself  to  general  aircraft  uoa. 

tha  problem  than  le  that  a ship,  having  by  soma  naans  or  other 
aaoartalnsd  the  presence  of  another  ship  within  a twenty-mile  radius  of  It, 
desires  to  date mine  the  identity  of  the  other  (l.e.,  as  to  whether  It  is 
friend  or  envy.  The  problem  of  specifically  identifying  the  individual 
ship  If  it  la  a friend,  la  an  extension  of  the  method  described  here, 
development  of  which  la  at  present  continuing).  To  do  ao  It  la  necessary 
for  the  foremr  to  senl  out  a signal  w!dch  shall  hereafter  be  called  the 
challenge.  It  le  then  necessary  for  the  other  ship  (to  be  called  the 
challenged  or  replying  ship),  if  it  le  a friend,  to  Intercept  that  challenge 
Mid  transnit  back  to  the  challenging  ship  a proper  reply.  If  the  challenged 
ship  Is  an  envy,  the  challenge  will  go  unanswered  or  be  answered  incorrectly. 
This  procedure  le  Involved  In  any  type  of  recognition  system. 

Before  going  into  a description  of  tha  proposed  system,  consider 
first  the  requirement  of  an  ideal  reaognitian  system  so  as  to  obtain  eons 
Idas  of  the  scope  of  the  problem. 

It  may  be  said  parenthetically  that  tha  Navy  would  do  well  to  have 
a visual  recognition  system  as  a standby  method  for  employment  during 
such  Uses  when,  because  of  unpredictable  conditions,  the  primary  radio 
gyatem  has  been  ~ade  inoperative  fcy  accldont,  shell  fire,  shock,  stc. 

gn  Idwl  reeociltiors  system  should  embrace  the  following  character- 
istic*! 

(1)  It  mat  be  extremely  reliable. 

(2)  it  rust  :*  as  interference-proof  as  rssl  le. 
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(3)  The  slj 71434  used  -uat  be  of  jueh  a clutracter  to  -aka 
da  taction  by  th*  an  any  ertrsnely  difficult. 

(4)  Th*  operation  shoul<!  bo  cot;  lately  auto-re  tic. 

(5)  The  alia  and  wei.ht  should  bo  a a snail  as  pooaiblo. 

To  attain  all  of  these  character4  tics  in  a sin,;le  stator  Is  of  court* 
tar y difficult  If  not  I^ossIMp,  .'or  txanplo,  aiqrtri:  * t!iat  Is  >!ona 
to  neks  a systan  interference-proof  is  likely  to  aid  to  its  co-tplevity 
sr.1  so  decrease  its  reliability  an- 1 increase  ito  a la  a.  A certain  amount 
of  Oonpraitlo*  bccomoi  necossury.  In  tha  system  herein  lascrlbed,  the 
various  1 tana  Into  bean  carefully  veiled  and  aa  » ear  an  approach  aa 
possible  to  tha  1-  eal  syaten  haa  bean  r-ade. 

1*  rte  liability 

'ho  rsoognltur  method  that  is  proposed  la  based  primarily  on 
•1*  C or  1c  circuits,  -ho  nunber  of  -tochanlcal  operations  (relays,  switches, 
ate.)  having  boon  reduced  to  a minima.  It  ms  fait  that  this  would 
cooelderaly  inereace  the  rollabllity.  Since  a oortaln  nunbar  of  electronic 
circuits  ire  necessary,  there  ie  always  the  dan c*r  of  Interaction  between 
til*  aochar.cal  and  electronic  operations.  This  Is  especially  true  of  the 
system  under  con el da ration  end  will  be  taken  up  at  e later  point.  The 
mechanical  o;<*ratlons  are  r»  a trie  tad  to  some  period  before  an)  some  period 
after  the  complete  electronic  cycle.  The  reliability  then  ie  dependant  on 
the  stability  of  the  electronic  circuits,  the  life  of  the  electronic  tubes 
and  the  rs liability  of  two  mechanical  relays.  Actual  reliability  data  as 
found  under  test  ere  given  in  Section  7IZ. 

2.  Infrrfsrerjca, 

To  neks  s system  Interference-proof  two  things  are  nacessery. 
flrot,  it  mot  bo  Jars-proof  (l.s.,  not  auaceptlbla  to  onnplst*  blocking  of 
tie  unit,  so  for  example  with  a am  signal),  and  aecon  I,  it  mat  h*  impossible 
to  ^«rrak  down"  tlia  system  and  effect  its  correct  operation.  Tbe  method 
u«! or  consideration  rolloo  principally  on  pulse  trnni^iae'nfi  with  Its  Mgh 
pea)  powers,  and  consequent  low  receiver  sensitivity,  to  malts*  a not- too-, 
easily  Jamwd  syeter..  yurUwmanra,  tl«e  \i(fi  fre> juenclcs  witch  are  used 
(between  400  ar.d  500  -vi.^cy cles)  Unit  the  Interfering  source  to  the  line 
of  sight.  Ouch  an  tntorfsri’:..  source  w ild  not  he  very  likely  to  exist 
because  It  would  hare  considerable  -es'lsncy  t/>  betmv  its  position  for 
purposes  f lr.tsrfer.-nc*. 

The  eeoond  type  of  interference  rofnirel  to  shove  Is  vury  difficult 
to  accomplish  under  the  propoeel  systan.  The  i«th'*fs  aval  lnHo  fer  -eking 
a eysteei  difficult  to  break  down  a.  e (a)  code  Uni  si.yel  no  an  to  make  a* 
few  repeats  as  poail'  ie;  (b)  us*  a ty;e  of  signal  which  is  dlf;  lcult  to 
record}  snd  (c)  us*  type  o f sii7ial  which  la  difficult  to  reproduce.  All 
three  of  these  neth'-'o  are  used.  Jim  final  model  described  In  this  re;ort 
has  a total  <-f  ap. eoxinatsly  4100  different  codes;  tie  challenging  ol.yial 
is  ooded  in.isjiondenll/  of  th*  rsplyj  from  50  to  3000  microsecorwls  aro  require*! 
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to  eorai  out  ary  on*  of  the  4100  poaslble  An  optical  r*?ly 

ayaton  la  included  to  supplement  tho  radio  ropier  when  so  desired. 

Thus,  wore  an  er.sry  to  try  anti  break  down  t’10  system  and  love 
hinsslf  roco^pxite!  as  * friend  ho  roul*l  taws  to  knew  an!  >lo  as  follows i 

(a)  Jotomlne  tho  carrlor  fro-iooncy  and  !*ave  a receiver  and 
trar.o*  ittor  oporatlr.,;  on  this  frequency*  (The  transmitter 
would  taro  to  t»re  sufi  lelont  poak  power  to  u pore  to  a relatively 
Insensitive  receiver) j 

(b)  tlotomiio  tho  exact  tine  (within  a rillisocond  or  ao)  of  tha 
arrival  >f  a ehallon  ;ln£  aitpwl  and  bo  prepared  to  eond  an 

a never  within  several  tsUlisec'-nris} 

(e)  know  t!«  nr.swvri:..,  code  in  uau  at  that  |<artlculor  ti-ei 

(d)  fcKDw  tie  type  cf  fcl.ysal  bein  : used} 

(o)  liavo  sons  knowleiy*  -if  the  corr^t  r»<  filiation  frequency  to 

use.  (In  the  pres  : t equlpnont  no  attorpt  it  nade  to  eapeolally 
restrict  tie  no-lulit  l >n  frequency  although  tills  pr»aenta  an 
»t  dtlcnul  mans  of  sodin.^  tlie  aystoa*  bevertheluja,  for 
proper  operation  tho  odulatior.  frequency  mat  be  within 
* 50 4 of  Its  correct  value)} 

(f ) be  pre pored  to  send  an  optical  reply  under  oertaln  coded 
conditions. 

TO  accomplish  all  of  those  tldn  ,u  it  would  bo  necessary  for  tho 
enetv  to  iu»vo  a cor-ph  *e  t-pllcate  set  if  the  equl.ewnt  beln,  used  by  the 
challon  ;er.  Tho  complexity  of  tl 's  oq.L.nent  would  forostall  any  rapid 
acqulr  ltl'in  f It  by  the  orwry  oven  au  ter  all  of  the  facts  outlined  above 
are  ferreted  vat. 

3.  nsteetablllty 

A ,-y>o  rocc  jslticn  si;;r»l  ahcul  ! bo  u:  .detectable  by  aryroe  except 
ti.e  ship  at  v’dch  it  is  airo  i,  so  a*  ■ ot  to  .rive  sway  tl«e  ctallcnjinc  ship's 
posit* cn«  t i signal  which  canrot  bo  detcctol  by  tie  er.rx'  it,  cf  oourae, 
lwpo^sl'. Is  to  attol  However,  tie  oass  witli  which  it  can  bo  detected  dependa 
on 


(a)  ienjjth  of  tirso  si.Jial  la  «>} 

(b)  sijial  Intensity} 

(c)  aljial  nu  je. 

Ae  was  pointed  out  a’-ove,  in  tie  jr<  po.-.ed  system  tl.e  al.  nal  is  cn  from 
50  to  3000  nicroaccoi  ’e  for  the  eiialic-n  o a:nl  an  equal  tire  for  tho  answer, 
tha  tine  between  t'.e>  arrival  of  a chalicr.  ,o  ;.:ul  tho  transmission  of  an 
anew -r  at  oscee-in;  another  5)  microseconds.  The  net  r*»cilt  Is  t!iat, 

*t»ul.  anyone  by  s renote  ciiscwo  be  eta:  di: .j  by  on  the  correct  frequency 
(the  j reliability  of  this  frequenc  beir>t;  locate-:  ty  swooping  or  any  ether 
eleilar  mans  is  excee<lin£ly  o'-ali.  slr.ee  a six  millisecond  signal  widch  la 
on  but  r nee  or  tort.ee  a dqy  or  even  several  tines  in  an  hour  is  not  very 


* 


Mail/  located)  the  signal  would  sound  very  similar  to  a crash  of 
ate  tie,  that  la  as  a single  ollcV,  thora  being  sufficiently  ahort 

tlao  bataaan  challenge  and  anaaar  to  asks  it  Bound  ae  ona  click*  * 

Furthansorw,  tha  uaa  of  very  ahort  pulse  widths  would  daaand  that  tha 
recaption  ba  aada  on  a broad-band  rwcslver. 

tha  signal  In  tensity  la  of  oouraa  rary  high  within  tha  signal 
tenge.  Be wever,  at  tha  frequencies  uaad,  tha  alpial  range  la  Halted 
wary  nearly  to  tha  lino  of  eight,  this  Halts  any  interception  of  tha  • 

signal  to  approximately  JO  alias  by  a hip  or  about  100  to  300  alias  by 
air. 


All  of  these  factors  add  together  to  give  a reoognltioft  signal 
which  approaches  vary  near  to  tha  ideal  oaao  of  oeapleto  radio  ailanoo. 

*•  lateaUa.  ggaSAaa 

If  autoaatio  operation  is  meant  that  after  a challenging  signal 
has  bean  initiated.  Its  reception  and  tha  transmission  of  the  correct 
reply  are  autcaatloally  accomplished  without  tha  attandanoa  of  an 
operator  at  tha  replying  point.  This  la  exactly  what  le  dona  In  tha  • 

present  a rheas.  To  Initiate  a challenge  it  la  aerely  neoessaiy  to 
direct  an  antaim  and  depress  a switch.  Tha  challenged  unit  will 
autaaatically  send  back  tha  oorrwet  answer,  tha  reoaptlon  of  which  will 
ba  indicated  by  tha  lighting  of  a leap  at  tha  challenging  unit.  It  la, 
of  oourao,  necosaary  for  operators  at  both  ends  to  eat  ap  tha  oorrwet 
eodae  at  such  tinea  aa  previously  agreed  upon.  • 

s.  aiaoclaia&l  i 

The  alga  and  weight  of  this  unit  have  bean  kept  to  e alnlaom  in 
so  far  aa  possible.  The  use  of  an  insensitive  receiver  to  give  greater 
re) lability  daaand e a wore  powerful  and  hence  larger  transmitter.  Auto-  • 

aatle  operation  aa  wall  as  oonplax  coding  also  add  considerably  to  tha 
alas.  The  eosgtlata  unit  not  counting  the  antenna  has  a vsluaw  of 

approxlaataly  tan  eublo  foot  and  weighs  about  JDO  pounds.  Certain  possible  ( 

a hen  gee  brought  out  in  the  oonstruotlen  of  tha  present  unit  could  ba 

applied,  without  ohaaglng  tha  baalo  operation,  to  affoet  a decrease  in 

weight  of  perhaps  tan  per  cent.  a 
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in.  3' v iai  ( r • Tt  r 

A.  The  Challwn.:# 


It  was  pointed  cut  prwvt. • .ill*  t..at  t..<>  r -co.Titt  r::  r.  :;ten 
co  n'rta  jf  a vory  a!>ert  code-?  ji  >al  sent  out  .11  ft  challcndo  and  a 
similar  differs-  tly  coded  aijral  se  t bach  an  a;,  oj  swsr.  Actually 

tilts  at.Tial  cjrststs  .-f  al-»st  rao !•&;  . :ul*r  pulaoa  lavi.;,;  a width  of  • 

a^ut  1 microeec  v.  e (u  sec.)  with  a julse  spacing  of  50  u sue.  These 

pulses  are  obtain'd  by  the  usa  cf  "scale  of  two*  electro' 1c  counter* 

erplo-.-ir.  • vact.un  tub-3.  The  -js#  of  six  such  counter  sta  .os  o-.a'les  t!.a 

accurate  counting  off  of  the  cycler  of  osclllatlor  of  a 20  Kc  oscillator. 

Ty  naans  of  alcctraiic  suite  es  th#  oscillator  is  sw.tched  >mt  and  after 

the  Co’ inter  .as  counts  ! off  t'.e  ;To,*ir  number  of  cycl  a the  oscillator  • 

is  am'tc.e!  off.  The  nanipul.it  ion  of  six  switches  b of  ora  a challenge 

is  ra<!s  allows  the  selection  cf  any  number  of  pulses  up  to  and  including 

stxly-f.-  jr.  These  six  rrrl  tchos  mrcif  sat  tie  six  counter  sta  os  up  to 

r-act  to  a cl  van  co>int.  Ths  Unit  cf  sixty-four  is  u rvsult  of  th#  fact 

that  the  "scale  of  two"  counters  co  thrvujh  a cor.plcte  cyclo  of  operation 

for  every  two  pulses  thsy  receive.  *.  ith  six  atafos  in  casc«  !o,  the  • 

cor,  lute  cycle  will  involve  2‘  or  64  pulros.  Ths  addition  of  noro  stn  .es 

w 11  -bv'usly  increase  the  codiru;  possibilities. 

Hi#  osdll/.tcr  0 itput  (#  yup  of  pulaoa)  is  used  to  hoy  a 
43C  He  transmitter  wh'ch  c-nrirts  .--rely  cf  ar.  . .--cillat  r,  lyi-'  l-e-rd  r>n 
and  off.  Since  only  a rmxt-un  f n-xty-feur  pulses  rf  3 rlc  oceor. 's  • 

each  n e tc  bo  trar.sr.i 1 t • 1 a4  rv  ; t -nee  -very  accc-..’f  the  total,  tine  tha 
transmitter  is  on  ilurirc  s seen  • ir  tot y email.  Thus  for  the  raxl nun 
Conditions  of  one  trru..-  - c;r  /r  r<-  ion  1 this  corroopcr.dc  U-  a duty  cycle 
of  .00051  ("J  July  c;*clc  is  ear.*,  ti.i  fr.-cticn  of  tine  tho  transmitter  Is 
cn  in  unit  tire).  Tie  trva-'tt-r  1 a . e,ik  ,x*rcr  t,r:t  of  almost  on# 

'•linen44  * ut  i1'.;"  *0  1*  V • 1 cl-  t is  n-art  a wry  lew  avern,  a power.  • 

Oorsequsntly  It  Is  , 1-  t a r very  small  hidh  volta  .0  power  supply 

e<  itinually  c?iar(S.r.j  n e<  -r  fer  tho  relate  supply  of  the  oscillator. 

The  mr-r—  fer  ary  pm  • "f  ; ;1  * • *.?  !rorr  fr>r.  *J:e  co.vtor.sor  which  than 
has  a r.  1. lively  l.ou  ; ti-a  ‘jri  . ; -r’llch  to  rvc  .v  ,e.  else  of  the  con- 

denser is  node  lar,;e  enough  so  ti  ut  th'  total  volta  ,c  drop  across  it  for  the 
raxt.-sj"  *r  up  to  >c- 4 <r  t.>r-  than  5^«  Tdc  ollnl:uitr3  tho  possibility  • 

r.—r  sort  'us  frry  -r.T  -•  'uli*  ?f  the  orril’  \4 or  durl.nc  a trai-srissl on. 

?!  r ,^n.s4  a !var.Vv  «»  r.f  .p’ilsa  transri.-isior.  is  here  aptly  iUuatrated  tho 
s-»'.  1 newer  reqi?  *nre:  tc  on  t.'-  tli  the  oscll’Hor  uibos  a.ud  tho  powor  supply, 

"h*  a‘  ml  '.0  radlsted  o',  a Ta  : tyjw>  l.-cctio’ial  sntenna  w:«)se 
bear  w4' -t  ilf  encr,;*  is  45*.  It  's  esnsrrd  that  tie  Ya,;i  ant-nna  • 

Is  to  -r—nted  on  the  bridge  ^r  n sL’  il.ir  elovnto  i jiouition  (if  nountoil 
on  t)ie  t r i it  will  frobn*-ly  te  nccucc. r;*  tc  use  fcre  antcr.nas  each 
svoepir.  l’O*,.  Tho  unit  jir-por  caf  ’e  in.;cp  bcl's.  0 Ip  rr  at  any  couvisrdant 
spot.  The  operator  u.rectr  tho  artenrsi  a4  t'iC  n ip  in  'juestion  and  b y prasslrj 
a hey  in  a remote  cmtml  .ox  at  the  artovr.a,  Lultiater  th-  challanco. 

• 
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Pepre ssion  of  the  key  also  throws  an  Antenna  twite!;  v.  leh  da  :.;  >3  the 
unit  Tron  a non-directt  on*l  antenna  for  stand-by  to  n directive  nut.— -.a 
for  tiie  cliallenje.  The  o.no.n.tor  is  assure!  f at  the  ai,j»l  has  . r.  • c r» 
by  a li,  ht  (hereafter  called  the  unbar  li„ht)  (;cin«;  ..at  in  tlia  rerrto 
control  box.  Tills  11.  .it  nerves  the  further  purpoao  of  indicating  tha 
existence  of  any  interioror.c  boi  . niched  up  by  t)u  receiver,  f.l  tea 
t!ia  rece. ver  la  rather  1-uio-al  tive,  the  i ; tori  or  .-nee  will  crly  bo  occasional, 
duu  to  j-.ch  thine9  aevero  at-t;c  cras  .ca  or  severe  local  -'inturbancro. 

In  t’J.3  c-v.  o tlio  arbor  li^ht  sarv'-s  tho  important  purpo :o  f -■-•vc*»lnj  4 
fric.V  fiv-  ap,'.arlr._  as  an  ene-y,  due  to  interference.  t'ereo  In  “Vrinc 
a i-aller  e It  is  i-portai.t  t!j*t  It  be  done  only  when  the  ant-e  • I ;<h*  is  on. 


n.  ascontlon  of  ciialleti -a  and  reply 

The  tijnal  is  picked  up  by  tha  challenged  sic;-  on  a non> 
directional  an  tar  ra . in  analysis  of  tho  si  jvel  is  -ante  olectror  ically 
to  determine  if  it  is  '-f  ti  c correct  count,  as  prerio^uly  airce  5 up«>n. 

The  circiits  will  reject  art'  si.yial  if  it  is  not  of  t>e  exact  count  for 
wdeh  t.jcy  ara  set  up.  This  -eons  timt  no  reply  is  sent  to  the  challenge. 
However,  if  the  received  sijiol  is  oorrect,  the  transmitfa-  is  tri,  jorod 
off  and  a reply  sent  out  on  a non-diroctioual  antenna  within  50  -icro- 
secomls  of  tho  tine  tl>o  orl.  lnal  si.jnal  was  receive.!.  Only  one  ani'nna 
it  uca  for  t:.is  rec...  *ion  and  trans-'ice'. vr.,  the  corcwn  use  bei:^* 
acconplishod  wit!,  the  aid  of  resonant  concentric  linos  and  a c*a  tuba 
(called  a "duplexer")  placed  ir  the  tra-  srdsslcn  linos  between  receiver, 
travsrf  it«T  and  antenna. 

Tha  transmission  of  a re-  V is  ldertlcal  to  tho  transm-alon 
of  a ciallon.c  with  two  except* '• -c.  Those  are  tliat  a alienee  la 
tn,.*der,-‘  ‘ • **  •suiually  and  tra;  a-  ; .t-vi  on  a directional  ar.tanna  whereas 
the  reply  is  i-.t.r-atically  trip,  o i .-ff  ;«-!  tra-.snittod  on  a non-dlrectional 
an  ter.  a.  T!«j  in..  cf  the  ohallen.e  ia  Imlep.cn  lent  the  c-vtlnj  of  tho 
reply. 


If  tl.e  correct  si  ;nal  iaa  boen  rocc'vod  and  a reply  sent  out,  a 
X"en  11  ;lit  will  (,o  on  1:;  the  rsnote  control  box  of  the  reply  unit.  It 
is  thus  possible  for  the  chnllen.pxi  sl  ip  to  detect  a challenge  If  a constant 
-..ate!,  is  -aint-iine  1.  It  ».  ->ul : be  a very  ainple  addition,  if  so  doslmd,  to 
?a\-  t.v  aallcn^o  rl.n*;  a bell  r tl.o  iii:a  or.  the  choli sn.ied  ship  to  • 

Indicate  t :»>  ;jreaenco  of  a fr'  .;nd. 

After  the  recaption  .f  a signal,  the  reply  unit  Is  blocked  for 
tn  arbitrary  ;-jriod  (at  pre*  -.t  rot  at  one  second)  after  which  '(  cl*  *rs 
. Vi.*. Lf  into  a standby  pcaiticn.  The  reaa<.-.  for  tills  *!*L».'  -111  ‘mcu  o 
e;-  uror.t  un  !or  t.»  iocusslor.  f "re ceptl-m  of  reply".  • 

1.  .'^ecn,  11  oi  reply 

nUJuv.i  . , t *Jh.  i rrref.  c -lio-.;  l a..  ,n*,c  ut,  r.-C'»'voit 
m.  1 1,  rn.  ly  nt  - c , Ukj  c.’.illon  er  r...  rc  :e  ve  ti.  • re-il  • ;■  .vr*.-  ton 
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300  nicroocc  >u.!s  la  tor  (asaualnp  a raxinin  ran.T  of  20  -tLlos)  than 

tra-cr  isr-.  •.  of  the  challenge*  The  ui.inr,  that  *..c  switch  which  wnc 

< rl.  inal -y  cl' sod  to  seori  the  e!ali<.n,;t>  is  .-  till  clewed,  as  a result 

.f  -.-i.ich  t Ija  reply  :s  lec ev.-i  on  the  sane  antenia  on  which  the 

ci-tllo.” -o  w.is  trn-3i*itt' I,  narnly,  the  lire.:*! oral  «•;»•  It  In  one  °* 

t4  requi  rr -ents  ..f  the  eyster  tdst  tio  chailenjlu,:  switch  be  cl-?  ,'5,m 

for  at  0.1  sect  nd  hut  rvt  nore  tlwn  a out  ore  second  (violation  cf 

the  latter  la  not  sori  xis,  it  wt.1  i ncrely  result  in  tr.o  or  u>re  trarsniosions). 

Tlie  ntxlna  ti.uo  A one  soco:*.  la  arMtraiy  and  can  l>c  oot  for  any  desired 

value.  The  nir.irtin  tine  of  0.1  iocom1  is  fix.*!  by  the  oporatin.:  tine  of 

tho  antrn-a  svitc...  In  operatin'  a citallen.e  switch  nanuaily  it  is, 

if  coinroo,  diffi  :ult  tc  close  nr.  ! open  t In  such  a way  t!>at  the  closed 

tine  is  l''3»  t'a.  t!.e  r.lnlnun  l ore  prnscrlVw!. 

The  Incr-L’^  reply  is  analysed  electronical ?y  In  the  clial-e;.  i 
unit  lr.  ».  manner  very  similar  it.  t!.at  of  t *.  Incordn^  chal  rn  ;w  in  t!«> 
reply  umt.  If  the  signal  is  analyzed  a*  correct,  a jrvon  li  ht  Is  *it 
in  the  ro-ote  control  box.  This  ,yreen  ll.j.t  la  ko;  t lit  for  a period  .fust 
Ion,;  enough  to  lofinitaly  ‘do  • ify  it.  At  prosent  tils  tine  It  approxi- 
mately one  eecend.  The  roas  -n  this  time  Is  kept  a .ort  is  hoc sure  tlie 
ent1  re  systo  in  blocked  to  on  Incon&a;  c!all#n,ie  fren  otlior  snips  during 
this  period.  As  pointed  cut  a ova,  tiie  reply  unit  is  Ijlock.x!  for  a 
slnllar  .erio-1.  .\fter  this  yerU  i is  up  both  units  revert  U * standby 
position  on  tho  non  — lirect tonal  antennas. 

Secoynition  has  no*  been  acconpllslicd  in  ametl.inj  like  one 
quarter  of  a soco.ud  wit!,  the  units  beii:.;  lnopera'ive  (as  far  as  any  other 
reco3"»lti''r,  signals  are  coneom«><1)  for  a .vriod  'C  one  secon<!. 

D.  Optical  rerly 

The  presort  carrier  frequency  and  antenna  size  result  in  an 
a.tenna  di-octivity  w.lch  la  bror.d  encujh  to  Include  several  aid  pa  wit!. in 
its  bean  If  the;’  aro  close  enough  tojether.  If  one  of  the  si.ips  la  a 
fri on  ’ , it  would  be  impose!  l,lo  ly  means  of  tie  ra  tio  reply  to  determine 
which  was  t.ue  fricn  I.  If  several  or  all  of  tho  sMpe  are  friends,  sevoral 
anorarr  would  oo-e  back  with  p!.as«  differences  botwoon  than.  The 
challenging  unit  w>  uld  } ro'+''ly  analyse  t is  as  an  error.  Tills  would  result 
in  several  friorna  hoind  rocojnlsed  as  enw.lcs.  The  ayster.  could  be  used 
however  on  much  higher  carrier  frequencies,  with  hl.;hor  directivity. 

To  take  care  «f  tliesc  c<v  t intend es,  an  optical  reply  system 
has  be-n  Include.!  tc  corroborate,  it  desire.:,  the  radio  reply.  It  co:  slots 
bo  rely  of  a blinker  place.!  an  the  rest  which  can  he  lit  ty  the  cluvller.  ;ir.j 
ship.  The  chal  w.  ;c  is  nade  in  the  norsal  nanner  describe*!  alove.  If  tlwr 
14  any  bubt  a!*.ut  tJie  reply,  t!ie  challenge  is  repeated  taro  more  tines 
(for  a total  cf  three  tines).  If  a friendly  snip  rooelvoo  ti.ree  corr-ct 
eljials  and  trans-  its  tJirec  repl'es,  its  blinker  lijht  will  flac!i  on.  Tbo 
duration  cu'  t..is  flash  Is  c<u  ti'ollablo,  •'.t  ,-r-’3ert  beir.^  set  at  al»;ut  1/4 
eecorxi.  Tt.e  three  challenges  rust  he  ce-pletcd  vitiln  a definite  tlr.e  (at 


/ 
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present  set  at  12  seconds)  after  wt.ich  the  blinker  system  ve'.  -ma  to 
its  original  position  and  three  or  nore  stymie  are  ’•.■q-i'ra'.  to  llfht 

it. 


This  systen  obv.  jusly  lorn  not  !iave  tl'.e  a!  ortc  if  the 

old  two  wny  i ptlcal  rec^jiiti  >r.  system.  If  an  enemy  ‘id  try  tj  ji/e 
the  optical  rop1 vf  he  would  ..are  to  respond 

1)  only  after  three  cliallenjrs  witli"  ti-e  Hiker  cycle 
tlae, 

2)  wit!  .in  one  tent;-  of  a soccrvi  after  the  sccpt'jr.  rf  the 
last  challenge, 

3)  with  a blinker  flash  of  the  pro;  <?r  hrwtW.. 

E.  Operating  lnatruetione 

On  the  basia  if  t’ie  a! -ore  itiocuasior.  a-,  arsu.-.Lr.,;  that  the 
unit  is  in  operating!  cn  itio.n,  the  method  of  upentiw  a as  fcll'-re t 
(all  eperations  arc  cor.ducted  on  the  anten  a nr..  I »>'-ote  cor.trcl  ’ox) 

(1)  Cheek  tsat  the  unit  ie  on  by  nnti:^.  whether  the  red 
pilot  ll^ht  ic  on.  If  tho  unit  .as  Ju-t  loon  turre ! 
cn  or  if  acne  ehar.,;e  ir.  the  codir.j  '.sa.-  beer.  node,  it 
ie  necessary  to  ntnually  "clear"  the  counters  an  I 
switches.  This  is  ’cr.o  by  snapping  the  challenge  switch 
up. 

(2)  'drect  t .jo  anterrm  toward  the  ship  beinu  challenged. 

(3)  If  tlie  a-.oer  li,;ht  is  on  press  the  switch  ell  the  way 
down  until  Uji  asibor  li,;ht  ,,oes  cut.  Then  release  the 
Switch. 

(4'  hatch  the  *roen  11.  ht.  It  should  cone  on  within  nro— 
tenth  cf  e second  after  tho  switch  has  U»on  deyrer  o*l 
ai.  • i'jf  cr.  f_r  a,  , mxi-atnly  one  *i  . !t  cS ter  w ich 
it  _ocs  c ,.t  ui‘-  tie  anixsr  cc  os  bach  an.  I;  the  .preen 
ll4,.ht  liocc  :i*;t  c-  re  on  tiert  is  nc  rcccjr.lticn. 

(5)  To  ^at  an  optical  reply,  repeat  ti»  alrvc  a total  «-f 
three  tir.es  within  twelve  scco-ils  and  wr.tch  for  Use 
blinker  flash. 


» 
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A.  flenera^ 

Dm  complete  recognition  unit  car  slats  of  the  follawingi 


1*  Dm  cabinet  containing  the  transmitter,  recoirsr, 
ksyer-recogniser  and  a no  tor  driven  blower. 

2.  Dm  rweote  oontrol  bos  sod  tha  control  oahlo  to  tha 
cabinet. 

3.  Dm  hi  Inker  light  and  ita  cable. 

4.  Dm  propagation  a ystefi  including  the  directional 
antenna,  non-dlrectlonal  antenna,  aitanna  switch 
and  dnpiasar. 


A block  diagram  of  tha  recognition  unit  la  atom  on  plate  l. 


A liat  of  general  speclfl cations  la  given  in  Table  1» 


Dm  recognition  unit  ueea  62  standard  tgrpe  electronic  tubes 
and  e ha 11m  filled  gas  tube  in  the  duplaxsr.  Dm  standard  type  tubes 
are  listed  in  Ihble  2.  Dm  location  in  tha  unit  of  the  various  tubes 
la  Indlaeted  on  the  following  plates j Plata  105  - top  Tlew  ox  Transmitter, 
Rate  107  - fop  Tlaw  of  Reoaiver,  Plata  22  - Keyer-rwcognleer  front 
vise  allowing  location  of  stages,  and  Plata  25  - Dip  flow  of  Xeyar- 
reoognlser  power  supply. 


1.  SB&XL. 

Dm  ateel  cabinet  contains  three  shelves,  tha  uprwr  two  of 
which  have  built-in  aluminum  shield  cans.  The  top  shelf  houses  t)se 
tranmltterj  the  HUrtle,  the  keyer-recognlsar  and  receiver,  the  receiver 
' sing  wounted  at  the  rear  of  tha  kayer-reeognlsar  chassis  above  tha 
keyer-reoogniaer  power  supply.  The  bottom  shelf  houses  the  blower  nnd 
meter,  a varlac,  a voltswter  and  a switch  in  tha  a-c  supply  circuit. 

Dm  ventilating  ays  tew  employe  a blower  driven  by  a 0.1  h.p. 
motor.  Air  enters  at  the  bottoa  of  tha  cabinet,  passes  through  - glass 
filter  Into  the  blower  housing,  and  goes  through  the  upper  shelves 
leaving  through  holes  near  tha  top  of  the  cabinet.  The  shield  oars  are 
perforated  to  allow  free  passage  of  tha  ventilating  stream. 

Dm  upper  front  panel  of  the  cabinet  mounts  a pilot  light 
froe  the  a-u  supply  to  the  unit,  a toggle  switch,  pilot  light  and  varies 
(T  >200C)  la  the  a-c  supply  to  the  high  voltage  transformer  In  the  trans- 
mitter. The  middle  panel  has  a small  door  opening  dowrwrarrl  to  give  ready 
acoese  to  the  coding  switches.  The  lower  panel  nounte  a varlac  (0R200C), 
voltaeter  (0-150  volts)  and  switch  In  the  a-c  supply  to  tie  unit.  (See  Plate 
101) 
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At  the  roar  panel  are  th6  keying  line  with  plug  comccti-'-.s 
to  the  keyor-roco.;niior  and  transoltter,  the  9 wire  control  cirli  „ith 
pine  eoniectior.  tc  the  eyor-rocoipiiacr  (see  Plata  102),  plug  connect,  i -no 
froa  the  trar.s:  ittur  an.:  racolver  to  tho  nuplsxer,  t)»  roooivor  gain 
control  knob  uni  dial,  and  the  receiver  tuning  knob  aid  dial.  Tro  holes 
near  the  rain  control  cive  acce::s  tc  phono  tip  lacks  connocte.1  to  the 
racaivor  jutput.  tha  trai  snitter  plunger  o/tomis  be-on.!  the  ;*nel.  Two 
holaa  be  lew  the  plunder  expose  the  oscillator  filament  franc  adjusting 
•crews  In  the  transmitter. 

A hole  in  tha  left  side  of  the  cabinet  gives  access  to  the 
reccivor  procolector,  wnich  nay  be  tuntxi  with  a len,:  shrink  screwdriver. 

At  the  top  of  tha  cabinet  are  a plug  connect!  on  fron  trie  “uplexer  to  tho 
antanra  twitch,  tr.e  control  lea is  to  t)M  antenna  switch,  m 2-pron:;  plug 
oo inaction  to  tha  blinker  light,  and  a 9-prong  plug  connection  to  tha 
control  ea*.  la. 

tho  a-e  power  plug  is  located  or  the  left  side  of  the  eabtrvet 
near  the  lower  roar  comer.  Tha  unit  o.jeraies  (iirectiv  fro n the  115  volt 
a-«  line,  .as  a power  conaunptlor  of  b75  watt  a,  and  will  o’xjratc  satisfactorily 
ever  an  ,.J  volta;e  range  of  110-lA)  voltu. 

Tha  transmitter,  receiver  and  hayan-rrcojvlior  are  described 
on  tha  auccoa.M.v  ; ages. 

2.  Itsnote  Control  *lox  and  Cable 

Tha  retsote  control  box  contains  (1)  Lie  y r tying  switch  wiileh 
when  'Jopresied,  Initiates  t:*»  r.iaUcn,  e -nd  t -ipr;  the  ant m on  switch  to 
the  ilirectlonal  antmvia,  and  when  mice  I,  clears  tho  xeyer-recc gnltor 
to  lta  initial  state  (It  should  bo  reco.isury  to  clear  inly  after  tho  unit 
lias  bean  turned  c.r.  or  after  t o ro’lr:  rwi  ic.es  avr  Vti  changed),  (2) 
tha  pilot  light  (ro!)  which  v..o:.  V - 115  volt  c preor  switch 

la  on,  (3)  the  ci-allonge  )l"ht  (arbor)  which  ‘s  •t.msll”  ir-  an’  goes  -jut 
on  tha  transmission  or  recaption  of  a challenge  ir  on  reception  of 
interference,  (4)  tl*  recognition  ll.-Jit  (;y*«si)  which  is  omallv  out  and 
goaa  on  after  tha  transr*  sc  I ot:  or  reception  of  a correct  reply  indicating 
recognition,  aid  (5)  * .a  >-prom;  pin:  which  em-ects  wits  tho  9-wtre 
oontrol  cable  fron  the  toD  of  tlie  ca'dnat,.  The  Indicator  lights  a:  a 6 
watt,  1X5  volt  lar;  a.  The  wirir^  f the  eoi.trol  Sox  an!  control  leads  are 
•hewn  or.  Plata  2. 

% piw*r  ll±i 

The  blinker  ll,;ht  <c  energise!  f-^n  tha  )15  volt  a-e  li-ia  an  I 
ecrtrollod  fron  th*  ; eyer-re cr  rim-  throuji  a two  wire  cnlr.  the 
blinker  lijit  uses  th  ee  15  wntt,  115  volt  la.-,>®  in  .*1. 

4.  Prone.  :at  lot  dystor 

The  propaga‘lon  syaie-  (antennai,  antenna  twitch  and  duplexar) 
la  deecrii>ad  on  succoedln,;  pages. 


B.  Trar-anlttar 


Sw»r»l  Tftfoi-iatton 

3!^  “ltjpa^vl^h  fro<r'"ncy  transrdtter  operates  ml  42-7.5 
"•.^cycles  and  .*a  * pula#  peak  outfit  of  approximately  0,'J  kilowatt. 

«*****.„  powor  supply  chargee  a 2 nlerofarad 

65?°  lt3‘  *Son  k*y»1  for  the  raxinua  signal  of  64 
^V^  r3Cr  di8char  *•  160  »t  a peak  rata  of  0.6? 

SSTtha^cmit^TIff^1  oacillator  4.33  kUowtt*. 

O  aS1^L!ffirf®3Cy  13  •PPpoxlr»^l7  20 '»  this  jivaa  an 
ou^ot  of  0.866  ^iioeatta.  It  require  3 275  watts  at  UC  rolV„  60 

3loerol5a  ^ k8jrln£  frequency  la  20.8 

taiocrol'J*  and  the  average  pulse  width  7.5  alcroaaoorvla. 

I  circuit  diagraa  of  tha  trananlttar  is  shorn  on  PI.,  to  3. 
2.  Oi  cilia  to  j 


WI “***  fovsr  1034  >an,,tron8  operating  at  a 
SaS  I?*',  ">ltago  power  transferor 

f!?.1-”*!?-*1.?300  7°IU  *?d  2 rllllanparea  operating  fron  tha  115 

879  iSTilS/  ^ l???3005  •u^lies  Pl»te  voltage  to  the 

auLlt^M^rOo  r!^  W?V*  rB;tlric*H«r.  Tha  sane  tranafornar 
•upplle*  the  879  fllanent.  a 5 oegohn  blaodar  across  the  high  voltage 

f’*4?1  *^T"  b*tt*r  ra<.-ulatlon  and  protection.  A pilot  light and 
toggla  ewiteh  on  the  front  panel  are  In  the  a-c  line  to  theH.7. 
tranafornar.  The  oscillator  fllaxanta  a.-e  supplied  froa  two  110/6.3 

tr%*r°rnar®»  «•**>  aaoondary  fae.il.iu  two  tuba  filanenta 
throu^  a touting  frane.  The  frame  are  adjusted  by  ahaft*  harinr  a 

2  tU^  fo  rw‘c!“sd  holes  In  the  rear 

panel  of  the  cabinet.  The  filanenta  are  blase.}  to  -100  rolta  at  the 

*!S!  *nd  “T  M“P“,*d  to  ground  through  a .006  sdcro- 
farad5000  volt  oondena«*.  Through  this  naans,  a lower  grid  m««  is 

*T^ir,,rJ^ne!Jth*jrXl““  P°*ltlv#  8rtd  swing  is  -120  volts.  Ths  else 
of  the  .006  wfd  oondenser  la  aomvhat  critical  and  is  chosen  for  — 
algnel  output  within  tha  Unite  of  correct  transmitted  pulse  count.  Too 
iAr%9  a oond«no«r  *111  r««ult  In  « raduoad  puls#  oount  b«ln£  traxifnlttad* 


• »lngla  tarn,  one  and  of  which  feeds  the 
™ oth*r  1*  grounded  In  a tuntnc  plunger  the  length 
of  which  can  be  varied  an  ! which  serves  to  natch  the  oecUlator  to  tha* 
antenna  sys tan.  The  plunger  tub*  peases  threugh  tho  eMeld  can  and  extends 
beyond  the  rmmr  of  the  cabinet.  The  plunger  la  advanced  or  retracted  by 
■oane  of  a rod  Inserted  at  tho  far  and.  7 

The  oecUlator  .rids  are  biased  fron  the  plate  of  the  807. 
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3.  Hg*ss-g£a31 

The  keying  circuit  i a an  337  bear  ponr  tetrode  operating 
bal«r  cround  potential.  Tha  plata  resistor  of  tha  Icsying  tuba  (5000 
oha  150  watt)  aerres  alao  as  tha  oscillator  grid  laak.  Thus  tha 
plata  roltare  on  tha  337  is  the  bias  roltage  an  tha  oscillator.  '1th 
tha  807  cathodo  at  -600  rolta  and  tha  grid  at  saro  bias,  tha  plata  (and 
banes  nocillator  gri  ) is  at  -5-C  rolta.  this  la  «uffiolaRt  to  bias 
off  ths  oscillator.  The  807  acrsan  la  at  *380  rolta  with  raapact  to 
tha  cathoda. 

A nacatire  pulsa  of  75  rolta  on  tto  keyl ng  tuba  grid  eausaa 
Its  plata  to  rlss  to  —120  rolta.  (sines  tha  oscillator  oathods  has  a 
bias  of  -100  rolta,  tha  not  oscillator  bias  la  rary  nsar  saro)  anblaalng 
tha  oaclllator  Airing  tha  parlod  of  ths  pulsa*  Tha  paisa  sara  fora  on 
the  807  plata  la  shown  or  Plata  4 Is  which  saro  rolta  corresponds  to  tha 
■'sIsbiw  plata  rolta ga  -520  rolta* 

Tha  807  power  mipply  la  of  tha  eonrsntlonal  type  deli  ts  ring 
150  aillianparos  at  600  rolta* 


c*  aatet 


lhe  ultra-high  frequency  receiver  employe  * »u per heterodyne 
circuit  end  uee  the  following  eight  tubeat  an  r-f  oodllator  (955). 
a?  detector  (954),  three  1-f  anplifiera  (6aC7),  a aeoond  detector 
(hAC7;(  an  e-f  aapllfler  (6,1/7),  and  a full  wave  rectifier  (524). 

, Fweelver  haa  a radio  frequency  range  of  free  410  to  450 

C^Twleej  the  etandard  operating  frequency  la  421.5  meca-yelee. 

i r _ **•  lntemedlate  frequency  la  46  eegeoyeles  and  the  average 
I”*?**”  ** 0.6  ee.  At  fdll  gila  the  output  of  the  2nd  detector  la 
* *****  •»  input  to  the  firet  detector  of  100  eisrcvolte.  thla 

■ 4.17^1  . * 1>a3rt*B»  overall  i.f.  gain  of  30,000.  the  receiver 
eenaatirity  le  purpoeely  leant  lew  to  rwduoo  the  poaeibility  of  interference. 
A wrwilt  diagram  of  the  receiver  la  ah  own  in  Plate  5. 


, *•  oodllator  le  a 955  aoom  trlode  with  grid  to  plate 

•f  pling  through  25  adcraedorafarade  la  eerlee  with  a variable  reeonant 
(tuning  frame).  the  aborting  bar  of  the  freee  la  waved  ty 
* *4»  e»  to  very  the  iTecftiency.  the  total  range  oa  the  aorew  la  43  turn, 
eeen  tarn  ahlftlng  the  frequency  0.9  eegacyrlee.  the  frequency  range  la 
“•43  Me  eorreepondlng  to  a carrier  frequency  range  of  approximately  410 
•o  AD  Mb. 


the  elgnal  free  the  antenna  le  fed  into  a ’high  Q",  tuned  quarter- 

aava  eonoantida  lank  aborted  at  one  and.  thle  pree  elec  tar  function*  to 
the  r.f.  selectivity  of  the  reoelver  end  to  reduoe  the  effect  of 
ultra-high  frequency  Interference.  It  conelate  of  a cylindrical  tank  13.5 
i0"*  <uad  6.8  cee.  In  dlaeeter  with  a oonoentrlo  oentral  conductor 
rigidly  fixed  to  ore  end.  It*  length  aay  be  varied  free  15  oa.  to  the 
total  tartt  length  by  mean*  of  a screw  driven  exteielon.  the  Input  to  the 
i*  * 3/8*  oonoentrlo  line  who*#  center  conductor  nekee  a email 
loop  to  ground  which  eerree  to  inductively  ooupl*  the  antenna  aywtm  to  the 
peoaelector.  The  let  do  too  tor  control  grid  le  elellarly  peopled. 

, „ J**  ti**t  detector  la  a 954  aoom  pwitode  operated  at  a cathode 

Mae  of  7 volte,  the  euppreeeor  le  Ued  to  cathode  anJ  both  are  by-pa*e*d 
«e  ground  through  2.5  *1  creed cro farad*.  Thle  low  cathode  bl-pa*s  a*  wwll 
aa  «n  u&-blpa***d  acr*«n  *ejrve  to  lnoreaae  the  receiver  eeneitlvity.  The 
•lgrval  la  iapreeaed  from  the  preeelector  (aa  noted  above)  to  the  954  oortrol 
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grid  which  Is  also  coupled  to  the  grid  side  of  the  oscillator  tuning 
frane  through  s 70  micronicrofarad  cera-dc  condenser. 

e.  In te mediate  ;y.  .uencr  Circuit 

The  interned late  frequar cy  circuit  operates  at  a center 
frequency  of  46  lie  with  an  are rage  band  width  of  0.6  Me  for  .7  center 
frequency  voltage.  The  selectivity  curve  is  given  on  Plate  6. 

The  I-P  circuit  consists  of  three  sta  ea  of  6AC7'a,  the 
gain  of  two  of  which  can  be  varied  by  varying  their  cathode  bias.  Ths 
gain  control  calibration  is  given  on  Plats  7. 

Tha  X.F.  transformer  consists  of  s tightly  coipled  primary 
and  secondary  wound  on  a polystyrene  fora.  A brass  core  serves  to  tuns 
the  transformer  and  nay  be  advanced  or  retracted  by  rt*ana  of  a screw 
through  the  top  of  the  shield,  tech  primary  is  paralleled  by  a damping 
resistor  to  Increase  the  bard  width.  The  present  values  of  thsss  resistors 
s re  all  approximately  5000  . 

d.  Second  Detector 

Ttte  second  detector  is  a 6a C7  pentode  operating  at  a cathode 
bias  of  1.3  rolts.  Ths  plats  is  coupled  through  100  ei o road ero farad ■ to 
the  grid  of  the  a-f  amplifier  to  block  anything  except  signals  having 
high  frequency  components « A lead  from  ths  plats  is  connected  to  s phone 
tip  Jack  located  on  top  of  the  chassis  to  ths  right  of  ths  gain  control. 
This  provides  a convenient  moans  of  reaching  the  iid  detector  output  for 
I.F.  gain  measurements . The  second  detector  output  Is  In  ths  form  of 
negative  pulses. 

e.  ifrurflo  Vrequoncy  Amplifier 

The  k.T.  amplifier  Is  a 63J7  pentode  operating  at  aero  bias. 
The  negative  pulses  from  the  second  detector  are  amplified  in  the  audio 
stage  to  give  an  output  of  positive  pulses.  The  transmitter  power  and 
receiver  sensitivity  are  such  as  to  saturate  the  audio  stage  over  the 
shorter  ranges  of  the  oyster*  (up  to  abait  10  nllea  over  sea  water).  This 
results  In  s receiver  output  of  positive  pulses  whose  amplitude  varies 
from  afvr.it  25  volts  at  the  maxima  distanoe  to  about  100  volts  at  the 
mlniaun  distanoe. 

The  various  receiver  voltages  are  listed  in  T»bl#  3. 

3.  Exterior  Controls  and  Jacks 
a.  Oscillator  Tuning  Control 

Ths  oscillator  tuning  front  aliaft  la  brought  through  ths 
oscillator  shield  and  ths  shield  can  at  the  rear  panel  of  the  cabinet  on 
the  right  hand  side.  A fixed  dial,  engraved  in  degrees  providos  a means 
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of  determining  tho  relative  poeitio  • of  the  knob.  Whan  the  knob  la 
rotate!  rvre  than  360#  the  niaber  of  complete  turns  must  ba  countad. 
tho  shaft  makes  a total  of  4-5  turns.  Thera  la  a backlash  of  about  60* 
which  should  alweya  ba  taxon  up  In  a given  direction.  Tha  approximate 
poaltlon  of  this  k:  ob  for  tlie  o;xsrating  frequency  (423.5  Mo)  la  20  turns 
counterclockwise  after  turning  clockwise  to  the  end  of  its  travel. 


b.  Preselector  Tuning  Control 

The  length  of  the  pceselactor  center  oonductor  is  varied 
by  means  of  a screw  located  In  the  oscillator  a!deld.  A long  shank 
screwdriver  inserted  at  a hole  in  the  left  land  side  of  the  cabinet 
provides  e means  of  turning  the  screw  and  tuning  the  preselector,  this 
screw  should  first  be  turned  clockwise  until  it  a tope  end  then  brought  to 
approximately  26  turns  counterclockwise. 

c.  lain  Control 

The  shaft  cf  tie  gain  control  resistor  is  brought  through 
the  receiver  c.'iassia  a-.  i the  shield  can  at  the  rear  ;>enel  of  the  cabinet 
on  the  left  land  side.  A fixed  dial,  engraved  in  degrees  provides  a 
weans  of  determining  the  poaltlon  of  tho  g iln  control,  gain  res' tings  are 
usually  taken  directly  from  tMe  dial.  Tie  total  angular  displacement  of 
the  shaft  Is  J00*  correspording  to  full  gain.  The  gain  control  la  for 
experimental  purposes  only.  Any  subsequent  unit  will  have  a fixed  or 
eeri^flxcJ  gain. 


d.  jacks 

Two  ptione  tip  Jacks  are  located  to  the  left  of  the  gain 
control  and  are  reached  through  holes  In  the  rear  panel  of  the  cabinet. 

Cf  those,  the  left  land  Jack  la  youndsd.  The  right  hand  Jack  la  connected 
to  tho  receiver  output. 


A phone  tip  Jack  connected  to  tho  cut.xit  of  the  2nd  detector 
le  located  on  top  of  the  chassis  to  the  right  of  the  gain  control  end  is 
accessible  when  the  receiver  ie  rawed  from  the  cabinet. 

A temlnel  atrip  with  four  Jacks  ie  located  under  the  chassis 
at  the  right  hand  aide.  These  wgage  four  plugs  an  the  keyeiweoognlaer 
Chassis.  Two  of  these  plugs  terra  to  supply  115  volte  e.o.  to  the  power 
tnnaforwer  prfjwurjr.  They  are  located  directly  under  the  transformer,  of 
the  other  two,  located  under  tho  ohoke,  one  ie  grounded,  the  other  wakes 
oonr.entlon  between  tho  receiver  output  end  the  keysr-reocgnlser  input. 
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1*  function*  of  ItwNiteoffilMr 

Th*  k^r*r-i*cognl»«r  hu  taro  states  of  operation j (1) 
on  ohalleng*,  It  #*nda  out  tb*  challenging  signal  and  receive*  th* 
reply,  and  (2)  on  atandby,  It  raodvoa  th*  challenging  signal  and  a«nda 
out  th*  reply. 


Tb*  t*na  ^raywr-recogni*«r"  tu  chosen  because  It  anbodle* 
th*  mjar  function*  of  the  circuit  It  doaarlb**.  A list  of  th***  function* 
folio** t 

(a)  On  challenge,  it  supplies  th*  keying  algnal  to 
th*  transmitter,  and  el*ar*  lt**lf  to  r*o*lr#  th* 
r*p3y« 

(b)  On  olallng*,  It  raeognia**  th*  rec*iv*d  reply  and 
ol**r*  finally. 

(o)  On  standby,  It  reeo&ilMa  th*  received  challenge 
and  clear*  to  transmit. 

(d)  On  atandby.  It  initiate*  tr*naadasion,  provides  th* 
keying  signal  for  th*  raply,  and  clears  finally. 

(*)  It  op«rat«a  th*  indicator  light*  in  th*  control  box. 

(f)  It  control*  th*  blinker  light. 

2.  Orel**  of  Operation 

a.  Orel*  of  operation  on  Challenge 

Th*  operation*  an  eh*ll«»ig*  of  th*  various  circuit* 

In  th*  k*y*r-r*co(T-l«*r  *ra  listed  b*low  In  • tlm*  sequence  starting 
with  J»*  oontrol  box  a*  Indicated  in  the  block  di  »;nn  of  Flats  8. 

(1)  When  the  keying  write h in  the  control  box  la  depressed 
the  keying  circuit  start*  th*  Multivibrator. 

(2)  lh*  Multivibrator  *i*wlteneoj*ly  pula  os  th* 
transmitter  and  th*  counter.  Th*  first  pule*  tripe  the  saber  11  cht  control 
and  initiate*  th*  ties*  delay  period  for  final  clearout. 

(3)  At  th*  correct  oount,  th*  multivibrator  1*  stopped 
fron  th*  counter  output  through  th*  keying  circuit  which  also  initiate* 
Intermediate  clsarout. 

(4)  Interned!  at*  clearout  resets  th*  counter. 

(5)  Th*  received  reply  la  fed  to  th*  counter  fron  th* 
receiver  amplifier.  If  an  und*rcount  la  received  th*  last  counter  at*'* 
i*  not  tripped  to  deliver  * negative  jailae,  the  cycle  is  stopped  until 
fi/ml  clearout  and  th*  ,;r#on  light  doea  not  con*  on. 


€ 
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(6)  If  the  count  lc  correct  the  oountor  output  tripe 
the  cr-en  light  control  and  Mm  green  light  comas  on. 

(7)  If  an  overcount  la  received,  the  groan  light 
control  la  irredletely  xvset  and  then*  lc  no  visual  Indication  on  the 
greer  ight. 

(8)  Final  clearout  (initiated  In  item  2)  occur*  after 
its  time  delay.  The  counter  an.!  switches  are  reset  to  their  original 
state.  The  gr*«i  light  go-s  out,  the  snber  light  comes  on  and  the  cycle 
la  co-pleted. 


b.  Cycle  of  Operation  on  Standby 

The  operations  on  standby  of  the  various  circuits  in 
the  k*y*!W"C0i7i r.er  are  listed  below  in  a tin*  sequence  starting  with 
the  r vc opt'. cr  of  a challenge  as  Indicated  in  the  block  diagram  of  Plate 
9. 


(1)  The  received  challenge  la  fad  to  the  counter  from 
the  receiver  amplifier.  The  first  pulse  trips  the  snher  litfit  control 
and  Initiates  the  time  delay  period  for  final  dear  out. 

(2)  If  an  undsrecunt  la  received  the  last  oounter  stags 
is  not  tripped  to  dellve-  a negative  pulse  and  tho  cycle  la  sto- pe*>  until 
final  clearout. 


(3)  At  the  correct  oount,  the  oounter  output  initiate’s 
intermediate  clearout  after  a abort  tins  delay. 

(41  If  an  overeount  Is  recslved,  lnter*-diate  clearout 
is  blocked  before  it  can  operate  and  the  cycle  Is  etop;<ed  until  final 
clearout. 


(5)  Intermediate  clear'  jt  resets  the  counter  and  tripe 
Mm  keying  circuit. 

(6)  The  keying  circuit  starts  the  multivibrator. 

(7)  The  multivibrator  aioultnno'v.sly  pulses  tho  transmitter 

and  the  counter. 


( !)  At  the  correct  count,  the  rultivibrotor  Is  3‘op-vjd 
fron  the  counter  cutput  throw#!  the  keying  circuit.  The  jr-en  light 
control  is  tripped  from  the  oounter  output  ar.d  the  ,;r  on  li#»t  cemos  r.n. 

(9)  Final  cloarout  (initiatr*.*  in  iter.  1)  occurs  aft-r 
its  tine  lolny.  The  counter  and  svri  oy  nor  set  to  their  ori,;lnAl 
state.  The  green  11. -ht  ;o^r>  <>u*,  tlv*  a-  er  li  ;ht  co  es  on  an!  the  cycle 
Is  co-pleted. 


C.  Cycle  of  , per  .il  >n  of  ^linker  .l/otem 

The  operatin'  :!  tlie  varies  cl  ,c. : to  lr.  tho  blinker 

- 1J  - 


rystir  a.  e a'^wn  in  tho  block  .tta^ran  of  •’late  ID  an!  are  Us’.-d  >olow  in 
a tin#  s>  quei.cu  start'  with  the  reception  cf  the  first  c’  aI  en  e.  Three 
successive  ciia  cr.*«s  within  12  seconds  aro  required  to  - pi-rate  the  blinder, 

(1)  The  blinker  counter  is  pulsed  in  the  etan>Iby  err cle 
after  tho  roception  er.d  rtco47iition  of  a correct  received  ai»n*l«  The 
key'.  g circuit,  which  Automatically  initio*  n t!io  reply,  also  serv«o  to 
injiT  ’a.  u ai  .,,le  pulse  or.  t!»o  blinker  cnxiter  for  lech  correct  received 
count. 

(2)  Tn  the  first  pulne,  the  blinker  c*. -inter  sta  ts  the 
•lf»  tins  daisy  circ  -it  which  will  oporate  tho  blinker  clearo-t  al  ter  12 
secoivls  if  it  nss  not  been  opem' •*<!  in  the  Intervening  tins. 

(3)  On  the  third  pulse,  the  blinker  counter  unblocks  the 
blinxer  light  control  and  tie  blinker  light  co-ics  on.  At  the  sane  aoment 
the  blinker  counter  starts  the  fASt  tine  delay  circuit. 

(4)  After  s brief  tins  delay  which  corresponds  to  the 
tins  of  the  blinker  light  flash,  the  fast  tins  delay  circuit  operates  the 
blinker  clearout. 

(5)  The  clearout  circuit  resets  trio  counter  which  now 
blocks  the  blinker  light  control  end  the  light  joes  out.  If  less  than  12 
seconds  .‘arve  elapsed  sines  the  first  received  slcnal,  tho  slow  tlao  delay 
circuit  which  has  not  operated  is  now  blocked  end  the  cycle  is  conplcted. 


(6)  on  e ha  11  once  the  blinker  cloarout  It  tripped  from  the 
keying  ciroult.  This  cle*  -a  tnc  blinker  system  on  each  challenge  and 
prevents  its  operation  on  the  challenging  unit. 

3.  General  Discusalor.  of  the  Itiltl vibrator.  lectrcnic  Switches 
and  Counter a.  " ” ~ 

line#  the  principal  conpor.ent*  of  the  keyer-recogniser 
are  the  multivibrator,  electronic  m.  itches,  and  counters,  a general 
description  of  their  opera*  ter.  ri  11  bo  giver,  before  launching  into  the 
complete  circuit. 

The  counters  and  switches  unod  in  this  ay a ten  fall  under 
the  .cneral  classification  of  "scAle-of-n*  counters,  fly  a acale-of-n 
counter  la  ~eant  an  aggregation  of  tuber  nnd  circuit#  operating  on  voltages 
Such  Uwit  the  entire  assenbly  iias  (n)  and  only  (n)  stable  states.  The 
sirpleai  case  la  wliero  n equals  two.  (The  case  of  n • 1 is  unimportant 
bocaune  t.  has  only  one  stable  state  which  Taken  it  useless  as  either  a 
switch  ».r  a counter).  !$r  cascading  seal *vof- two  stages  a scalo-of-*®  counter 
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car.  be  nade  where  ■ is  ths  number  of  stagao.  Ry  automatically  pre- 
setting ths  stats  of  each  stage  this  can  be  made  a scale-of-n  counter. 

Greater  detail  on  this  sill  be  given  later.  , 

a.  Miltlribrator 

IJecause  Vtcrc  la  a very  cloao  relationship  botwesn 
the  corronly  used  multivibrator  and  scala-of-two  electronic  counters 
or  srltclies,  consider  first  the  simple  tr  ode  aultirlbrator  si. can  on 
Plate  11,  PI. Mrs  1. 

then  ths  volta  ea  are  applied  one  of  ths  tubes  sill 
have  a plats  current  slightly  greater  than  that  of  the  other  due  to 
difference  In  tu'  -a  and  circuit  constants.  Assume  plate  current  of 
tuba  D tc  be  the  greater.  The  voltage  at  the  point  (b)  will  thon  begin 
to  drop  before  th  t at  (a'.  This  results  in  a negative  pulse  being 
transferred  through  the  condenser  (C2)  to  the  point  (d)  which  Increases 
tii«  bine  on  A.  If  A has  starts  to  conduct,  It  will  now  as  a roault  of 
tie  Increased  bias  ca?uo  a rlro  In  potential  at  (a).  This  is  equivalent 
to  a positive  ;mlae  w * ;h  will  :>e  transferred  through  tiia  enndonaer  (Cl) 
tc  (e),  decreeing  the  bins  on  P,  causing  it  to  conduct  rere  and  produce 
a further  dre;;  of  pote-tlal  at  (b).  This  (recess  continues  until  ths 
potential  at  (o}  rises  tc  loro  (cr  sli„1  .tig*  a!xnrs)  after  which  any  increase 
In  potential  nt  (e)  causes  ;rtd  current  tr  to  drawn  an)  the  potutial  at 
(d)  reachre  t!»  cut-off  value  for  A. 

After  a tine  determined  by  the  tine  constant  R4C2  ths 
negative  cnar..e  <xi  (.1)  leaks  off  through  R^,  Starting  A to  conduct, 
dropping  the  potential  at  (a)  and  her.ee  at  (a).  Tube  B then  begins  to 
cut  eff,  increasing  the  potential  at  (b)  and  at  (<l)  causing  a further 
•irep  in  potential  at  (a).  This  keeps  up  until  (#)  reaohae  cut-off  and 
(d)  reac.es  sere,  at  which  point  the  process  egain  reverses  Itself.  The 
regenerative  act!.).-,  during  cut-off  and  cut-on  results  in  s sorswhst  square 
wave-form  on  the  plates  af  the  tubes.  If  Ri  • Rj,  Rj  • R4  and  • C2, 
this  wmvo  fom  is  symetrical.  If  these  constants  are  unequal  an 
unsymetrlcal  wave  fora  results*  An  oscillogram  trace  of  the  wavs  fora 
on  sach  plats  of  an  unsyrsastrical  aultl vibrator  used  In  the  recognition 
ayate-  is  shown  on  Plats  13,  Figures  1 and  2. 

b.  SinriLs  Stags  Trlode  Countar 

Ths  scals-of-two  triode  counter  circuit  diffrs  from 
ths  multivibrator  in  that  ancs  a transit*  on  has  boar,  made  (from  !}  con- 
ducting to  a conducting  or  vies  versa),  a stable  state  exiots,  necessitating 
an  outside  atimlus  to  return  it  to  Its  original  state.  TMs  Is  acc.-rplin  .rd 
by  two  char. lr.  the  multivibrator  circuit  as  shorn  on  Pl..tc  11,  Ft  MJ*"  *, 
nanely,  tS>c  addition  of  the  coupling  reslsta-C'’.*.  rtj  and  und  returning 
the  grid  resistors  to  a negative  potential  ’c.  Tho  two  set3  of  r^nintancer 
f<,  R2,  7^,  ami  .Ij,  n^,  R3  are  now  bridged  across  "p  anil  Zc»  Th**  resistance 


•nd  voltage  vmluea  are  ao  choacn  that  the  steady  state  potential  at 
(d)  la  beyond  cut-off  for  A #ien  D ia  conducting  and  the  potential 
(#)  la  taro  whan  B la  conducting,  the  latter  need  not  be  exactly  true, 
for  if  the  ataady  atago  value  at  (a)  is  greater  than  tore,  the  fleer  of 
grid  current  will  adjust  it  to  aero.  Nornally  this  grid  will  run  about 
0.1  volt  positive. 

Aa  ahown  above  in  the  case  of  the  multivibrator  when 
the  voltages  are  applied,  one  tuba  rises  to  a conducting  stats.  Instead 
of  reversing  Itself  at  this  point  aa  the  cult! vibrator  does,  the  counter 
reaalns  In  this  Initial  state  due  to  the  bias  developed  across  the 
resistance  bridge.  The  jrid  which  has  been  driven  negative  Is  held  at 
a negative  value,  stabilising  the  existing  condition. 

Suppose  tube  9 la  Initially  conducting  and  A non- 
conducting. if  a negative  pulse  of  amplitude  equal  or  greater  than  the 
cut-off  voltage  is  applied  to  the  input  point  it  will  have  no  effect  on 
A since  it  is  already  non-co nduc ting.  However,  thia  pulse  on  the  grid 
of  3 will  stop  It  fren  conducting.  The  potential  at  (b)  will  now  rise, 
sending  e positive  pulso  to  (d)  aid  A will  start  conducting.  The  potential 
at  (a)  then  falls,  biasing  off  (e) , further  Increasing  the  potential  at 
(b)  and  so  on,  until  a a table  condition  is  errivod  at,  with  k oonductlng 
and  B non-cor. ducting,  a accord  negative  pulse  will  return  B to  oonductlng 
and  A to  non-conducting. 

It  is,  of  course,  necessary  that  the  tripping  pulse 
have  a pulse  width  less  than  the  time  constant  of  the  transfer  circuit* 
otherwise  both  tubes  will  be  ho  d et  out-off  until  after  the  affect  of  the 
initial  cut-off  has  died  away.  The  net  result  will  be  that  althar  tube  nay 
beccne  cor  ducting  after  the  tripping  pulse  has  been  removed  depending  on 
the  respective  clrc  it  and  tube  cots  tents. 

If  a positive  ;ulae  is  applied  to  the  input  point,  a 
switch  from  one  state  to  the  other  will  again  result.  This  la  a decided 
disadvantage  of  the  triode  counter.  The  reason  for  thia  will  be  pointed 
out  below. 


The  multiple  grid  tube  has  two  advantages  over  the 
triode  for  use  in  counter  circuits!  (1)  It  can  be  made  to  respond  to  only 
negative  pulses,  (2)  It  can  be  r-’oet  nore  rapidly,  more  conveniently,  end 
by  -or*  circuits. 

A typical  ail tl pie  grid  oounter  circuit  i*  shown  on  Piets 
12.  I.yirre  for  the  rwnent  the  resetting  circuits  ar.d  assume  the  cathodes 
and  sui  "ruorors  to  be  grounded.  It  will  respond  to  ne(,atlTS  puloee  Just 
as  the  triode  did.  The  requi rm ente  on  pul?  e wi  *th  and  amplitude  of  the 
tr-  ; ‘ping  ulse  are  elr-ila-  to  those  In  the  case  of  the  triode.  The 
a-piltuie  -ust  be  equal  or  greater  (prefers’  ly  gr  eter)  than  the  cut-off 
voltage  of  tho  tube.  7h„-  pulse  width  raist  be  snail  with  ruepcct  to  the 
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transfer  circuit  tine  constant* 

figures  3,  4,  and  5 of  Fists  13  illustrate  the  operation 
of  a suit! grid  counter  stage  receiving  a aeries  of  negative  pulses  at  a 
rats  if  «?0  kilocycles  (shown  in  Figure  2)  Cr<n  a mltiribrator.  Tlfys*  3 
shows  the  series  of  negative  ;mlscs  on  tho  grid  of  tub#  Ft.  Figure  4 is 
an  oscillo  prar  of  tlis  volto.,e  at  (s',  or  grid  **3  of  n.  As  shown,  B is 
orlgi-.al’y  conducting  an!  (s)  1#  at  0.  The  first  pulse  blocks  3 and  (s) 
■drop#  to  cut-off.  The  socon.i  pulse  block#  A|  B again  conducts  and  (s) 
rstoms  to  3.  Successive  pulses  -erely  repeat  the  cycle. 

Figure  5 is  an  osciUocrar  of  the  voltage  at  (b)  or  the 
plate  of  tube  *1.  With  B conducting,  (b)  is  first  at  a low  voltage.  The 
first  pulse  blocks  3 snd  esuses  a voltage  rise  st  (b).  Oa  the  second 
pulse  B again  coniucts  and  the  voltage  at  (b)  drops.  Again,  the  cycle 
is  repeated  for  successive  pulses. 

The  mltigrid  counter  does  not  respond  to  positive  jmlses 
on  tiw  in, ut  grid.  To  illustrate  this,  suppose  tube  B is  now  conducting 
and  tube  A non-eor. ducting.  Let  a positive  pulse  be  applied  to  the  point 
narked  "input".  Tube  3 will  conduct  slightly  nore  then  it  has  been, 
causing  a further  drop  in  potential  at  (b)  and  hence  (d),  asking  A nore 
non-conducting.  The  positive  pulse  will  also  appear  on  grid  #1  of  A but 
since  grid  3 (d)  is  at  or  beyond  cut-off  no  change  will  take  place  in  the 
plate  current  thro  .{£  A.  A positive  pulse  on  the  gride  of  the  counter 
will  tiwrefore  have  no  effect. 

With  the  circuit  a a shown  on  Plate  12,  both  tubes  are 
continuous lyt  drawing  screen  current  whereas  only  one  plate  is  drawing 
current  at  a given  tine.  It  is  possible  to  intereliange  tho  function  of 
grid  *1  ai*i  grid  -0  in  w'.iich  case  the  non-conducting  tube  will  draw  neither 
pint#  nor  screen  current.  This  Is  advantageous  fron  a power  standpoint 
since  the  nun- or  -f  these  stages  used  mkes  the  saving  approcia  lo.  In 
tits  present  systen  the  circuit  is  as  shown  on  Plate  12. 

d.  TWo  Stare  Counter 

Ptor  ever;'  switch  rmde  fron  B to  A,  a positive  potential 
swir.g  is  developed  st  (b'  an!  for  every  switch  fron  A to  B 1 negative 
potential  swing  Is  developed  et  (b).  Thus  out  of  two  negative  puisne 
originally  inpr^sned  on  tho  ;ri  'a  of  tiie  stage  'jne  negative  pulse  nay  be 
derived  fron  the  plate  et  (b).  If  the  output  of  3 at  the  point  (b)  is 
fed  into  anothor  stage  tlirough  a snail  coupling  ca^acltar.co  the  second 
stage  will  trip  only  for  the  second  transition  nf  ata  e 1 since  the  counter 
dose  ot  n spun  ! to  positive  pulses  <-n  its  control  grid.  It  follows  t)u»t 
stage  2 will  trip  or.ee  fer  ev  ry  two  tra:  -it*  or.a  of  stage  1 arrf  If  th#  out- 
put of  stags  2 is  fed  into  still  nnot.wr  sta  e,  stage  J will  trip  once  for 
every  two  transitions  of  sta  e 2 and  ever  ’ four  traralt'  uns  of  stage  1. 
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In  the  triode  countar,  for  every  two  negative  uls'.-s 
on  the  Input  a ;»sit!ve  and  negative  potential  swing  is  dttainod  at  the 
plate  which.  If  couple-!  into  a second  stage,  will  trip  that  ata^e  tirico. 
Thus  no  cointing  action  s obt.-.iii«-d.  TJua  can  !>e  run»!iod  by  placing 
rectifiers  between  stages  to  eliminate  the  positive  or  the  negative 
jailaeo.  This  require?  an  extra  tu->e  per  stnge  and  nullifies  the  effect 
of  uelng  a double  trioda  as  a countor  ata4,o.  For  this  r^acr.  and  the 
adrantajes  in  resetting,  only  nultlple  .grid  counter  ..rkl  switch  ata.  os  are 
ueed  in  the  recognition  aystw  , 

A counter  of  two  stages  will  !iave  four  distinct  states 
cf  equilibrium  as  follows t 


2S&&JL 


am lL. 


Non-conduct! nr 


Non-conduct  1 tig 


State  1 B ABA 

State  2 a 3 BA 

State  3 B * A D 

State  4 A BAB 

In  other  words,  a series  of  seale-of-2  counters  becones 
a acale-of-4r  and  by  proper  resetting  of  the  * rwHvi  iial  stages  it  reduces 
to  a scale— of- n counter,  ftius  the  two  stage  counter  above  can  be  nado  a 
seal e-of-f our , scale-of- throe,  scale-of-two,  rr  scale-of-one  counter. 

This  Is  illuatr.-iV'd  on  Plate  14.  Fl.pjre  1 shown  the 
scale-of— f' ur  counter.  Herr  no  rrsottlrg  Is  neces'-ruy,  for  every  four 
negative  pulses  on  the  input,  • oitput  puleo  to  obtained,  the  scale-of-three 
counter  is  si  own  In  figure  2.  The  output  pulse  io  ap  liod  to  tho  tubes 
in  such  e way  as  to  res  t the  countera  to  shate  2 (aoo  Uhls  shove).  Mow 
three  pulses  on  the  input  rosult  In  one  output  pulse,  .hinilarly,  in  Figures 
3 *nd  A,  a scale-of-two  and  a ocalo-of-one  countor  are  obtained  by  having 
ths  output  rose!  to  state  3 and  state  4 respectively. 

The  operation  uf  a two  stage,  seal  e-of-f  our  oounter  la 
illustrated  by  Figures  3 to  3 of  late  13.  Flguree  3 to  5 correspond  to 
the  first  stage  and  Flgur-s  t to  3 to  the  second  stage.  Ih  the  first  atege, 
corresponding  to  the  2nd  and  4th  input  pulses  (Figure  3)  there  are  two 
negative  potential  awir.gs  (FI  ,-uro  5).  These  are  fe!  to  the  second  sta  e 
an!  appear  on  the  input  grid  aa  utioun  in  Figure  6.  Figure  9 Is  an 
oscillogram  of  the  output  plate  vo’.tago  of  stage  '2  and  a.  owo  a ai  .gle 
negative  poto  tial  awing  correspon- ling  to  t!w  aid  pulse  of  pi  pi  re  6 an!  the 
4th  pulse  of  Figure  3, 

Tho  1st  and  3rd  raises  of  pi  jure  3 pr» ! .co  positive  ;»tential 
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swings  in  Figure  5 an.!  very  anall  pulses  in  Figure  6,  ainco  as  noted 
above,  this  input  grid  immediately  draws  currant  on  a positive  pulse. 

There  is,  then,  no  transition  in  stag#  >2  Tor  t5»o  la',  and  3rd  pulses  of 
stage  /l, 

e.  ’Jhitl-Stage  Counter 

* ti^rcc  stage  counter  will  have  eight  states  cf 
equilibrium  and  a six  eta.;e  counter  64  ate  tea.  The  a.?  states  are 
consecutive  and,  if  the  64th  state  ia  usoii  as  an  indication,  a six 
•ta.je  counter  mac,'  be  used  to  count  any  iaur;>*r  of  pulsou  from  ono  to 
u4  by  resetting  it  to  tho  appropriate  state.  For  example,  a count  of 
one  Is  obtained  by  resettl:u,  to  the  63rd  state,  a count  of  16  by  re- 
eetti  ng  to  the  41th  state  or  a count  of  60  by  resettin;;  to  the  4th  state. 

Us  tho  recognition  system  the  actual  method  of  resetting 
is  suen  tliat  tins  counter  can  '.>o  ado  to  reset  to  any  'tosirod  state  for 
both  the  ctiallenge  and  the  reply.  ;4osetti:ig  ia  dono  at  two  periods  durlnc 
any  cycla,  one  between  transmission  of  a challenge  and  reception  of  the 
reply  (or  between  roception  of  the  challonge  and  tranar.ission  of  the 
reply)  and  the  other  at  the  coripletion  of  the  cycle.  St  tds  way  it  la 
possible  to  liavo  a single  counter  serve  as  two  counts  e,  MCh  of  which 
can  be  pre-set  to  any  desired  state.  The  counter  o tput  will  thon  bo 
64  minus  the  maber  of  the  state  to  w ieh  it  la  pre-set.  This  is  low  the 
coding  of  the  signal  is  accomplished. 

The  actual  mechanism  of  resetting  can  beat  be  understood 
by  again  referring  to  Plato  12.  T»o  method*  of  resetting  are  shown,  both 
of  which  are  used  ir.  tho  recognition  system.  Theso  arej 

(1)  Cathode  rasotting.  The  cathode  current  is  Interrupted 
ty  a mechanical  break  using  eitlicr  a switch  or  a rolay.  Tf  tube  m is 
oor.ductlug  and  its  oatlxxle  current  is  tntamr  tod,  tub*  A been  *a  co:«iucti:»g 
and  remains  so  after  the  cathode  of  !1  is  again  clou*.!.  As  shwn,  the  'IPT 
switch  enables  a single  resettir. ; relay  to  make  either  \ or  n non-com Hictlng 
depending  on  whether  the  switch  is  down  or  up.  Resetting  by  those  nechsnical 
nethods  met  necessarily  bo  elcrw,  the  porocess  requiring  on  the  order  of 
0.01  second.  It  is  possible  to  reaet  the  cath.  doa  electronically  by  placing 
a tub*  in  series  with  the  counter  cathode*  and  bias  or  unbias  it.  This, 
however,  lias  the  disadvantage  of  producing  a certain  amount  of  d ia  symmetry 
(i.e.,  the  cathode  of  one  tube  In  a stag*  is  operating  at  a M.’her  potential 
than  tho  other  tube  in  the  stag*  due  to  the  voltage  drop  ir.  the  resetting 
tubo)  as  well  aa  requiring  two  or  more  power  tubes  to  carry  t;io  total  cat1. ode 
current. 


(2)  arid  resetting.  Another  method  of  reset*!  r to 
apply  a negative  pule*  of  sufficient  *i.,lltule  to  cut  off  tie  .tosirod  tube. 
This  is  also  shown  on  Plat*  12.  A 3pnT  switch  determines  which  of  h.e  two 
tubes  Is  to  be  left  conducting.  The  grid  w'  ich  Is  used  bore  for  renetting 
is  grid  *5  (euppressor)  which  is  rather  insensitive,  requiring  a",  out  100 


volts  to  trip  the  countar.  it  la,  of  course,  possible  to  reset  u*ir.g 
other  grids  but  there  la  always  the  Luigor  of  interaction  betwoen  the 
otlwr  circuits  connected  to  the  grid  an!  tie  resetting  circuit. 

The  grid  resetting  la  used  to  aet  up  the  counter  between 
a ehallenje  and  reply  or  between  recoptlo  of  a reply  and  t ansriscion 
of  a challenge,  Resetting  at  this  point  la  acro-v-'M  a.ie<l  In  about  10  u sec. 
The  reason  for  the  fast  resetting  rre  la  to  nake  the  challw^e  and  reply 
signals  indistinguishable  fi*or  one  another. 

Cathodo  resetting  is  used  at  tho  end  of  a cycle  at  which 
point  thore  ia  sufficient  tine  to  war  ant  the  uao  of  tho  slower  cathode 
resetting.  This  could  alao  be  acco-rpli  oho.!  ly  grid  resetting  eapecially 
if  another  grid  wore  available  in  the  tul>c.  Tc  do  it  on  one  of  the 
•vailablo  gride  would  create  enough  interaction  ;eobler»  to  nuke  It  ncre 
eonplicated  than  cat node  resetting. 

!lesetting  raj-  also  ho  aecorplished  by  interrupting 
current  in  the  plate  circuit  by  netholo  ai-dlar  to  tlioaa  use'  in  tie  catlw-de. 

the  ecale-of-^  counter  uacd  in  the  recognition  syster 
ean  be  worked  out  an  the  sa-e  basis  as  the  ccalo-of-four.  Rata  15  shown 
tho  v ris.s  states  nf  the  ecale-of-64  for  all  combinations  of  resetting 
awl tches. 


f • electronic  3wi  tch 

The  electronic  a*.itch  oa  It  is  used  throu;^»out  tie 
recognition  system  ia  in  reality  a scalo-of-two  counter.  It  le  usually 
uaed  with  ei  tiier  the  control  gri  a tied  to  separate  controlling  circuits 
(not  to0ot  er  as  In  the  counter)  nr  wi  th  Just  one  control  grid.  The 
latter  is  usod  where  an  irreversible  o;wrution  or  insurance  against  nore 
ten  a sin  le  operation  is  desired. 

The  twitching  or  control  of  other  circuits  by  the 
electronic  twitch  la  acconpllaived  by  one  or  nore  of  the  following  three 
methods  t 


(1)  Tho  pulao  o-itput  derive<l  from  tho  plate  is  usrd  to 
control  or  trigger  off  another  circuit  aa  for  oxanple  in  resetting. 

(2)  Tie  d-c  potential  or.  the  counter  pi'*®  uaeJ  “ * 
plate  supply  or  a bias  supply  for  another  tube.  The  coin  ter  plate 
approaciiea  the  plate  sup.  1;'  when  It  ia  cut  -f  f and  *ero  when  it  la  con'tucting. 

(1)  The  Uc  potential  on  the  transit  grid  (grid  0 "late  12) 
charges  fron  aero  f<>r  t.o  .-or ducti:.,,  state  to  a large  negative  value  for  the 
norv-co'.ducting  state.  T-da  cluvr.gc  enn  be  uaed  to  Mas  and  unhlaa  a tuce. 


» 


< 


Raferenoe  to  the  osoillograne  on  Plato  13  win  show  • 

actual  voltage  changes  for  • typical  switch. 

4*  Coapcnent  Circuits 

To  simplify  explanation,  the  ksyer-reeogniter  is  eub- 
divided  on  a functional  baa la  into  the  foil ovine  nejor  circuital  • 

a.  Power  supply 

b.  Keying  circuit 

e.  Multivibrator 

d.  Counter 

e.  Pinal  claarout  circuit  • 

f.  intermediate  claarout  circuit 

g.  Receiver  erplifler 

h.  Amber  light  control  oireult 
1«  Green  light  control  circuit 
J.  Blinker  control  circuit 

The  reletionehlp  of  theee  circulta  to  the  oonplete  * 

qrdee  of  operation  is  indicated  in  the  followl-g  Mock  dlagrarst 

Tor  the  challenge  cycle  - Plate  3 
Tot  the  standby  cycla  - Plate  9 

Per  the  blink  or  cycle  - Plate  10  0 

The  relationship  of  the  various  stages  to  the  circuit 
subdivisions  end  the  co-ploio  cycles  is  shown  in  the  following  schemtio 

diagram* t 

fbr  the  challenge  cycle  - Plate  16  • 

for  the  standby  cycle  - plate  17 
For  the  blinker  cycle  - Plate  13 

The  eequence  of  operation  of  the  various  stages  and  thalr 
location  on  the  keyer-reeo.yiiaor  front  panel  ie  a!  own  on  tha  following 

plates i • 

Tor  the  challenge  cycle  - Piute  19 
Pbr  tha  standby  cycle  - Plate  20 
Tor  the  blinker  cycle  - plate  21 

A collate  oireult  diagram  of  the  keyer  recognlser  0 

(excluding  the  power  supply)  is  on  Plate  23,  and  a circuit  diagram  of  the 
power  supply  cn  Plate  24.  The  following  detailed  explanation  of  the  kayer- 
rwoopxiaer  circuit  will  be  core  easily  understood  by  frequent  referor.ee  to 
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t!i«  above-aentioned  plates.  The  cleient  *ml  sup;  ly  voltages  of  t!» 
/ rlois  sta..cs  In  the  key  r-recognlior  a:’#  given  tn  Table  4* 


24. 


a.  Fearer  3u  'ly 

A ci.-cji*  'lu  T-r  f the  power  supply  is  shown  on  Plate 


The  power  sup;  ly  operator  irectly  fn-  the  115-volt, 
a-c  lino  an  I .lol Ivors  6.3  volts  a.c.  to  all  tube  eater  elenents  and  tlie 
following  rectifici  l-c  vclta,  ’Sj 

(1)  Negative  bias  voltage  (be)  175  rolto 

(2)  screen  grid  volta;#  (bag)  *34  volts 

(3)  Plato  volta  o {'"p)  145  volts 

(4)  ’*ilti  vibrator  plain  voltage  (Lrrv)  £30  volte 

The  temiJAl  strip,  nunbonv!  as  shown  in  tho  dlagran,  is 
locat'd  u.icr  tlio  7!u;  totA.  o or  conau'iption  of  the  keyer-recogniser 

aoco'  1;  Lc  275  watts. 

b.  Kerins  Circuit 

A circuit  dlagran  of  the  keycr-rocognizar  ia  shown  on 

Plato  23. 

The  function  of  the  keying  circuit  is  to  initiate  end  end 
transilssinn  V startin.;  an1  stop-. 'in,:  tlte  rtiltivi  ra tor.  The  circuit 
includes  t .e  folioifi.t,  sta  esi 

(1)  Tn,  a jaa-fil*..-’  triple  (14),  operates  at  a fixed 
bias  of  6.6  volta.  The  tube  isobar, :es  a 0.05  nfd.  co:. denser,  cne  aide 
r.f  w.  ich  is  «.■;*  a wntly  , rt  ..n  :o  , t!<c  si.fr  •:  r being  normally  grounded 
ty  the  r.ay  io  Uio  control  box.  hen  t.  in  -<>•'  i;  ’opru;?  ied  the  ungroundod 
pci  .ut  builds  a;,  isc.k.r  :<*'  tlir  «v  h the  ’ 4,  i-ipr”  sin,;  a r.c,;atlve  pulse 
on  the  grid  if  ja*  7,103,3  I’ul^0*  alro  ap;oar  on  tho  ,;rid  of  tJie  blinker 
inverter  (V2)  ami  initiate  clearout  oo  that  the.  blinker  will  rt  light  on 
tra:  3-l33tv,n.  T3  Amet:.  ' s,  or.  challenge,  to  delay  the  action  of  the 

. ir-.:>  circuit  sif/ici  vitly  so  ’..at  tho  antenna  switch  will  Iiave  operated 
to  ,-»»ke  contact  »it'  ti-o  Uroot-.c-  al  anterua. 

(2)  r>2»  •*»  electronic  switch  using  two  737  pontagrid 
enrverte.  s,  nakos  a ni  ; le  transit;  >n  during  each  cycle  of  operation  end 
resets  to  its  ori.i.ual  state.  Its  function  is  to  trip  the  MVT.  and  Insure 
a single  tran-iriuri  r.  by  renaining  in  state  2 until  final  clearout.  A 
negative  j’ulse  fror.  T3  tripe  52  and  .aroduces  a nogativo  .ootentlel  swing 
rn  t.  c plotc  of  gjb  uwus1'**!  * negative  ;«lsc  U be  applied  to  the  control 
jprM  of  "V'-a  through  the  snail  cou-li.u;  co  irfersrr.  32  is  reset  when  final 
clean  it  br-  .u-  u t •;  cat  . do  ;ro  u>!  of 


(3)  ”71',  ar.  electronic  snitch  usi*.(j  twc  7^7*a»  The 
rdltivibratcr  witch  n«y  he  con,  ire-,  tc  a lr,uhle»thrcw  switch  in  that 
it  -a;.-  he  trip  «■!  in  oithnr  direction,  fron  state  1 to  state  2 by  a 
r..,;ativc  pul  -c  or.  '7ha,  or,  fron  state  2 to  state  1 by  u ne^tive  t*ilaa 
on  ‘Tlfc,  Its  functions  aro  (1)  to  unblock  tha  mltlvibrctor  and  start 
tmr.snlra'cn  when  trip;>od  by  '2J  (2)  to  block  tha  riultivi  orator  and  «nd 
tr.trs-iss*. jt.  \i.jyr.  tripped  back  by  the  countar  outputj  (3)  on  challenge  to 
ir.itla*c  ! nterr’edi.'.to  clsnrout  v an  trip.  e<l  by  the  counter  output  j and  (4) 
tc  pulse  t)»  blinker  circuit  ('tl)when  tripped  by  S2»  The  nultiwi’Tator 
is  bln.-.-wl  fron  jrid  3 of  ’7Tb  j 73  (int«  daarout  eircu  t)  ia  pulsed  froa 
the  pin  a of  ’7Ja;  and  Uj,  is  pulsail  fron  tiia  plate  of  ’Tub, 

c.  ivltlvibrotor 

The  rultivibr.:V-r  (IT)  i:  a 6lC7  tain  triode.  A aaries 
cf  na ; alive  pulc-  s .pmoratod  by  t c L7  appears  on  tiia  plata  of  and 
ia  fe : to  t'.'jo  trur-nitter  tiir  n ;h  500  mfii,  and  to  tho  counter  throujji  25 
-nf H.o  circuit  ol orients  aro  clios  n tc  i/e  a pulro  froquoncy  of  20 
r-ilt-ct  clos.  4n  i.vhictor  of  30  microhenries  in  t!»  plate  circuit  at  Iff* 
inerev.cs  te  e :>uLie  amplitude,  Ordllo  prana  rf  the  wave  for*  on  both 
plates  if  t-w  17  a.e  shown  on  r lev  to  U»  Iljuros  1 and  2. 

The  rultivibmtor  la  controlled  by  tiw  application,  on 
the  xid  of  :*Vb,  of  bias  volta,,o  fror.  jrid  3 of  Dy  star  tine  and 

steppin;  the  multivibrator  nt  t!ie  a; : propria  to  instants,  ai XT  nunber  of 
7>ila '?  nay  he  ;enemtnd  and  fed  to  tho  trar-sr  i tter,  A concentric  line 
rma  fron  the  -ultivlbra • or  output  tc  the  roar  of  tiie  chassis  and  connects 
with  a line  tc  the  trai.ar.ltter, 

d.  Ccuntor 

Cl»  ”2*  '*3*  c4»  c5»  °6  “ count#r  °*c!l  two 

7,7  ponta/prld  converters, 

r.ie  six  Sta.-e  counter  usod  in  the  kvoM«ojiiior  perfoma 
twc  operut4  -ns  Juriric  each  cycle.  It  determines  ti»  nunber  of  pulses 
trans- 4 tV'd  a:*!  counts  the  receive’  puls  s for  recognition,  To  acconpllsh 
ti.ls,  tha  counter  -rust  be  r-.ict  twice  <*urln,;  each  cycle.  First,  tha 
interne  I into  clearout  opo-nt-'  by  applying  a 2ar,;c  nejativo  pulse  to  tha 
su  i r.v»  or  ,:rll  cf  one  tube  in  each  sta;e,  and  then  the  final  clearout 
o or-t  c by  breaking  the  cnthoile  x^m-'  ;;f  one  tulns  in  each  stape,  fQr 
mans  if  a double-throw  snitch,  the  clearout  nochanisn  ray  bo  connected  to 
t.*e  a;  pm;  riate  el(r"<ri  fii  either  t 'he  in  a "iver.  ata  ,e  end  t’ruo  my  reset 
tivat  sta  e to  state  1 or  state  k an  dorire*',  Tro  rows  of  to  ; ;li  rnitchos, 
loc  .t .!  a:  ovo  t)»>  counter,  j'erforr  t.lc  funcVon  in  t lio  keyor-mcopnirer. 
T.e  I'xor  row  serves  tc  x-xcct  the  final  cleanout  with  cnc  c»'.tho«’e  In  each 
jf«  ■{?  ar.d  to  ^r?'un  : t:ie  t or  cat:..>!o,  ti;er  't  'I'lcr  inln  the  first  count 
in  the  x'clu.  Ttie  u.*;  cr  rcnv  so  voj  to  oonncct  tho  intemodiata  clearout  to 


am  suppressor  in  each  stag*,  thereby  detoraining  the  seoond  count. 

The  chart  an  Plate  15  chow*  the  switch  positions  and  Initial  counter 
states  for  every  oount  fro*  1 to  64. 

To  mcariit|  the  ooustor  parfoms  the  following  cycles 

of  operation. 


1.  Oa  challenge,  It  receives  pulses  from  the  Multivibrator 
and  etope  the  MV  at  the  correct  count  by  tripping  the  V73  fro n the  plate  of 
®6b.  *»  UTS  new  Initiates  Internodi nte  dear  out  and  the  oeccnd  count  le 
set  up.  The  received  reply  pulses  are  fed  from  the  recoiver  amplifier  (Al) 
and  if  their  oount  le  correct,  C6  tripe  S,  and  recocnltlor.  Is  Indented, 
final  clear  out  operates  to  reset  to  the  1 jet  count  and  the  counter  Is  now 
ready  to  repeat  the  cycle. 

2.  On  standby,  the  received  challenge  ie  fed  fran  Ai  and 
If  lie  oount  la  correct  C6  trips  Sp  and  Initiates  Intermediate  cleanout. 

The  second  oount  le  new  set  up.  The  transmitted  pulses  are  then  fed  to  the 
counter  which  stops  the  Multivibrator  at  the  correct  oount.  Pinal  els* rout 
operates  to  reset  to  the  first  oount  and  the  cycle  Is  completed.  Note 
tlmt  on  challenge,  the  first  count  is  transmitted  and  the  second  count 
received,  whereas  on  standby,  the  first  count  Is  received  anti  the  second 
scant  transmitted. 

••  anAflggeaA^isatt 

Ttm  function  of  the  final  cleorout  circuit  is  to  resst 
the  oounter  and  electronic  switches  (excluding  the  blinker  syaten)  to  their 
respective  states  for  the  beginning  of  a cycle.  The  state  to  which  the 
counter  le  reset  le  determined  by  the  lower  row  of  coding  switches,  final 
dearout  la  Initiated  by  a ry  one  of  the  following!  (1)  the  first  transmitted 
pulse,  (2)  the  first  received  pulse,  (3)  receive'1  inle-ference  of  s’lfiicient 
amplitude.  It  wain  tains  the  keywr-rocognl  tor  in  a state  for  lrwodinte 
operation  Kjr  prompt  termination  of  the  working  cycle  after  a sufficient  tine 
daisy  for  ocwplete  operation  and  by  resetting  ths  keyer-rwcognleer  when 
tripped  by  Interference.  The  circuit  includes  the  following  stages i 

(1)  9i  > an  electronic  switch  using  two  7 57 'a  -lakes  a 
single  transition  when  tripped  fro*  the  counter  Input  by  any  of  the  twee 
naans  Hated  above  and  la  reset  by  the  final  dearout  breaking  the  cathode 
ground  of  3^.  The  plate  of  Sj*  applies  voltage  to  when  tripped  by  a 
pals#  on  Sla  control  grid.  (3i  also  operates  In  the  amber  light  control 
circuit  described  on  page  32  ) 

(2)  Ti  - A tins  delay  stage  using  a gas-filled  triads 
(884)  operated  at  a fixed  bias  of  7.6  volte.  It  discharges  a 0.1  Micro- 
farad oondanser  which  builds  up  whan  plate  voltage  Is  applied  from  S]* 
through  a 10-aegohn  resistor.  Its  purpose  is  to  dslay  flnsl  elesreut  until 
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the  operating  cycle  !>aa  been  cenpleted.  Whan  Tl  discharges,  it  sends 
a nag stive  pulse  to  tha  control  grid  of 

(3)  3«  - an  electronic  awlteh  using  two  7Q7 •»  makes 
• singlo  transition  whan  tripped  from  fl  anti  ia  raaat  by  the  final 
clears  it  breaking  tha  cathoda  ground  of  3jb.  Its  function  ia  to  unblock 
A3  whan  tripped  and  block  aft ar  claarout.  Arid  3 of  S5*  parfonaa  thia 
biasing  operation* 

(4)  42  - tnpllf  iar  using  one- half  of  a 6307  twin  triode. 
than  unblocked  by  35  this  tuba  draws  currant  through  the  ea thode-br aaking 
ralajr* 


(3)  A d-c  ralajr*  VOltaga  ia  applied  to  tha  coil  fro* 

Tm  whan  tha  low  aida  ia  jprounded  through  A3.  Tha  contacts  are  normally 
cloaad  grounding  tha  7Q7  cathodes,  thia  ground  being  broken  whan  tha  coil 
ia  energised.  A lead  fron  tha  low  aide  of  the  coil  to  tha  ktjr  in  tha 
control  box  allows  tha  coil  to  be  grounded  whan  tha  key  la  raised  and 
provide*  a weans  of  normally  initiating  final  claarout* 

f.  Intermediate  Claarqut  Circuit 

tha  lntarasdlata  claarout  circuit  ope rates  to  reset  tha 
00 untar  to  its  second  oount.  On  challenge,  it  o,arataa  after  transmission 
without  tine  delay,  to  raaat  the  00 untar  to  recalve  tha  reply.  On  standby. 
It  operates  after  reception  with  a tine  delay  sufficient  to  detect  an 
overcount  in  the  received  challenge,  to  reset  the  counter  for  transmission. 
Zt  delivers  a lares  negative  pulse  to  one  suppressor  grid  in  each  oount er 
stage  (as  determined  by  the  upper  row  of  oodlng  twitches)  and  to  the 
suppressors  of  33b  end  841,  The  circuit  includes  the  following  stages  1 

(1)  - an  electronic  switch  using  two  7Q7'a  makoa  four 

transitions  during  each  cycle.  On  challenge,  it  is  tripped  from  the 
counter  output  on  the  lest  transmitted  pules  and  than  is  reset  by  the 
Intermediate  claarout.  S3  la  tripped  e second  tine  from  the  counter  out— 
put  on  the  last  received  pulse  (of  a correct  count)  and  then  is  reset  by 
final  claarout.  If,  however,  an  extra  pulse  or  overcount  is  received,  33 
is  immediately  tripped  beck  before  final  clearest.  This  is  achieved  by 
feeding  the  eantro^grld  of  3jb  fro*  the  counter  input  »md  enables  S3  to 
detect  received  ovucounte. 

On  standby,  33  is  tripped  fron  the  counter  output  on  the 
last  received  puls  and  than  is  reeat  by  the  intermediate  clearout.  If, 
however,  an  overcount  is  received  33  is  tripped  beck  isrod lately  and  clear- 
out  (and  subsequent  transmission)  does  not  occur,  since,  on  standby. 
Intermediate  clearout  is  initiated  by  33*  ^hon  correct  c«mt  is  received. 


transmission  follows  and  3j  is  again  tripped  by  tha  counter  output  and 
la  rsast  by  final  olearout. 

To  aumnarixe,  S3  la  trlppad  fron  Its  original  atata  by 
a pulsa  fro*  tha  count ar  output  (plata  of  C&j)  lt?iraaaod  on  tha  control 
grid  of  So-,  than  In  atata  2 it  Is  tripped  back  or  reset  by  ary  one  of 
thr.-a  naanaj  (1)  Interred  late  clear  out  operating  on  tha  suppressor  of 
Sjb»  (2)  final  claarcut  breaking  the  eathodo  of  83b  or  O)  orarcount 
pules  fron  the  input  fad  to  the  control  tprid  of  Sjb. 

jfote  that  all  tranr-lttod  ard  received  pulses  are 
lr^p'saed  on  the  control  rid  of  but  they  !*vu  no  effect  until  S3 
lm  been  trlppad  to  atato  2 by  tl*  counter  output.  Ry  this  ticc, 
tranarlasinn  anil  correct  reception  are  been  completed. 

S3  Initiator  intor-ediate  cleorov.t  by  np-*ly<  'C  voltage 
fr or  S3*  Plata  to  tha  plata  of  f2.  It  also  operates  in  the  greon  light 
control  circuit,  described  or.  pa. -a  32. 

(2)  Tp  - a tlsH  da  lay  stage  using  a cu-fllla!  tried# 

(314)  ope ratail  at  a fixed  biaa  of  7 volts.  On  standby,  it  discharges 
• 250  nicroodcrofarad  condenser  which  builds  up  whan  plata  voltage  la 
applied  frcM  S3*  through  a 3.3  msgohn  resistor.  On  discharge,  Tj  foods 
a negative  pulsa  to  tht  grid  of  fl#  After  claarout  Tj  is  blocked  by  34 
applying  biaa  voltage  to  tha  grid. 

Tj  aarvea  to  Introduce  sufficient  tine  delay  in  tha 
Intamodlata  claarout  for  S3  to  detect  an  ovarorunt,  if  received.  It 
doea  not  operate  on  challenge  vher.  intar-e*Hat.«  elearoit  la  Initiated  by 
WS  in  which  case  no  time  delay  la  oaployed. 

(3)  - imrartar  using  ana-half  of  a 6.1C7  twin  trloda 

del  ire  re  a positive  pulse  to  A3,  on  atandby  it  rwoelvss  a negative  pulse 
fTon  T31  on  challanga  it  is  pulsed  from  ,'TS*. 

(4)  A3  - anpliflcr  using  a 63J7  pentode  la  operated  at  9 
volts  cathode  bias.  A poaltlve  pulse  froa  Tl  applied  to  tha  control  grid 
of  A3  process  a largo  negative  ;x»lse  on  the  plate  vd.loh  la  the  pulse 
azr'llcd  to  the  suppressors  in  th'*  eta -os  roost  by  the  inter-ro-hate  clenrout. 
After  clears  it,  A3  Is  blockod  34  applcri-’V:  ^dAs  voltage  to  the  control 
grid. 

(i»)  S4  « « electronic  switch  urlrg  two  737’a  is  tripled  by 
lntamedl'ite  c’.suroit  operating  on  the  sup  re— or  of  34*  and  Is  reset  by 
final  claarout  breaking  the  enthode  ground  of  S^.  It  serves  to  Mock  fa 


« 


and  A 3 after  they  have  operate.)  In  tl«  In  to  mutilate  clear  out  and  thus 
insures  only  one  clc.tr  r;t  pulse.  This  la  acco-plished  by  allying  bias 
volume  fmr.  grid  3 of  C/lfl  to  the  ,;rl  is  of  T2  and  A3,  each  throuji  a 
l-ne,;ohn  resistor.  !te  aocond  purjicuo  is  to  Initiate  transmission  on 
standby  by  tripping  Sj.  A lead  from  the  plate  of  54^  feede  a negotive 
pulse  to  the  control  grid  of  r.2m  when  S4  has  been  tripped  by  intemodlate 
clear  ut.  Tills#  of  course,  occire  only  upon  a correct  received  count. 

Since  both  '4  and  T3  feed  the  control  grid  of  A3,  there 
is  an  a-c  path  between  the  plate  cf  73  an.)  crld  3 of  S^.  To  attenuate 
tie*  feritlve  pulse  from  T3,  a 500,OJ(X*>h*  resistor  la  placed  in  aeries 
art  a -'50  mfh.  corvlenser  to  ground  in  the  lead  to 

A similar  situation  arises  in  that  both  T3  and  S4  feed 
Sj.  To  prevent  Interaction  be  to- -ran  T3  end  S4  the  line  fron  T3  has  two 
50  nrf  l.  ccndensero  in  aerloo  and  their  junction  returned  to  ground  through 
25#00i  ohas. 


The  reset  chart,  TV- Is  5,  above  which  tube  In  a given 
rta.*e  Is  blocked  (uede  norv-c  or  ducting)  by  the  operation  of  the  clearout 
ayitaea.  The  blinker  clearout  operating  nn  83,  Bj,  and  BS^,  la  dlsounaod 
below  on  pace  33. 

S*  Becelver  Amplifier 

A^  - an  aaplifier  using  one-half  of  a 6X7  twin  trlode 
operated  with  a cathode  bias  of  5*5  volts.  Its  purpose  is  to  a pllfy  and 
invert  pulses  fed  tl  trough  a lend  fron  the  receiver  Uutput.  positive 
pulses  ere  fod  to  the  control  grid  from  the  receivor  and  give  rise  to 
negative  pulaas  on  the  plate  which  are  fed  into  the  counter  end  to  and 
33.  This  point  la  referred  to  as  the  oounter  in;sut  or  merely  the  lnpit. 

b.  Arber  lUrl  control  circuit 

(1)  83  (see  Final  Clearout  Circuit,  page  29  ).  it  is 
tripped  an  any  tranmitted  or  received  pulse  or  on  interference  of 
sufficient  amplitude.  A lead  fron  grid  3 of  serves  to  unblock  a 
2050  tube  when  33  la  tripped. 

(2)  A 3050  gas-filled  tetrode  with  cathode  and  screen 
grouniied.  The  plate  circuit  la  in  serios  with  a transformer  ami  the 

bar  li Jit.  The  tube  is  normally  unbiased  allowing  current  to  flow 
through  the  circuit,  ’.hen  33  is  tripped,  the  P050  Is  hlocksd  fron  grid 
3 of  V and  tho  ar.ber  light  goes  out.  on  final  clearout  $3  returns,  the 
2050  is  unbiased  and  the  an  bar  11  Jit  goos  or.. 

i.  flresn  Llrht  Control  Circuit 

(1)  S3  (see  Intemodlate  Clearout  .Circuit,  page  30).  A 
lead  from  grid  3 of  33^  serves  to  unblock  a 2050  gas  tube  in  the  green 
light  circuit  when  3j  Is  tripped.  As  noted  before,  S3  nokea  four  transitions 


« 


« 
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(la  tripped  twice  and  reaat  twlca)  in  aach  cycle  of  operations*  Cn  the 
first  transition,  s«  la  reaat  too  rapidly  to  give  a rlaual  Indication  on 
the  grain  light.  ttnen  tripped  the  second  tine  ia  reset  by  final  clearout 
after  a considerable  tine  delay  (about  one  second)  and  the  preen  light  is 
visible  during  this  Interval* 

(2)  A 2050  gas-filled  tetrode  with  cathode  and  screen 
grounded*  The  plate  circuit  is  in  series  with  a transformer  and  tie  green 
light*  The  tube  Is  normally  blocked,  unblocking  when  3«  la  tripled, 
resulting  In  the  green  11  ght  going  an*  At  final  clearcot  3,  ia  reset, 
the  2050  la  blocked  and  the  green  light  oee  out*  ' 


The  blinker  control  circuit  operates  on  standby  and 
flashes  a blinker  light  when  three  correct  challenge  counts  have  been 
received  in  close  succession  (overall  tiros  of  less  than  12  seconds)* 

TO  do  this,  it  rust  be  Initiated  by  a switch  thnt  trips,  following 
recognition  of  a correct  received  challenge.  The  rultlvlbrotor  switch 
perform  this  function.  However,  since  the  WVS  la  tripped  on  Its  cwn 
ohallea.e,  provision  is  nade  for  clearing  the  blinker  circuit  on  errery 
transmitted  challenge.  This  prevents  the  blinker  from  lighting  when  its 
amt  is  challenging*  The  circuit  Includes  the  following  stags  1 

(1)  b.  and  B.  - count ar  stages  using  two  7<J7»§  aach  font 
le~of±throe  Counter 


a two  stage,  scale-of-throe  counter  which  is  tripped  by  the  UTS  on  each 
oorrect  received  challenge  and  la  reaat  after  reaching  Its  fourth  etate. 
the  blinker  counter  performs  the  following  functional  (1)  On  the  first 
transition  It  sends  a negative  tripping  jailse  to  3S,|  (2)  On  the  third 
trarel tlon  It  unblocks  a pair  of  3050's  in  the  blinker  light  circuit|  (3) 

On  the  third  transition  It  applies  sufficient  plate  voltage  to  discharge 
BT  (after  a given  time  delay).  Therefore,  it  require#  threo  correct 
challenges  from  the  other  unit  to  cause  three  tra.  sittona  of  the  blinker 
counter  and  finally  flash  the  blinker  light. 

Table  6 gives  the  successive  states  of  the  blinker  counter 
and  the  corresponding  voltages  applied  to  the  atagea  controlled  fr^vi  the 
counter.  BS^is  tripped  from  tlw  plots  cf  either  or  The  voltage 

applied  to  the  2050  grl  is  le  fed  from  grid  3 of  B.  and  grid  3 of  and 
is  tho  mean  of  the  voltages  at  tiu»  transfer  gri  a^vf  B^a  and  B^*  In  a 
s India r rwnr.or  the  voltage  at  t.«e  rIat#  of  DTj  is  tie  -ean  of  the  voltages  at 
the  plates  of  Bjj,  and  The  counter  is  reset  to  state  1 by  a largo  negative 

pules  fr«n  A^  Impressed  upon  the  wippreseors  of  and  B^ 

(2)  BS^  - an  electronic  switch  using  two  7j7's  naV-a  a 
single  transition  when  trlp-sd  by  cither  or  wrl  is  reset  by  the 
bllrker  clearout  spenting  on  the  suppressor  ->f  It  lias  two  functit>ns 
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(1)  It  applies  voltage  frow  th*  plat*  of  B3^  to  BT^  (alow  clsar-mt  gas 
tub*)  and  (2)  it  control*  Dj^  by  blocking  it  while  Vft\  ia  charging  and 
unblocking  it  after  claarout.  Tbia  biasing  Tolta  ;*  ia  applied  from  grid 

3 of  BS^ 


(3)  BT^  - alow  claarout  tiaa  delay  using  a gaa-fillad 
triod*  (334)  operated  at  • fixed  bias  of  3 volts.  Flat*  volt*;*  la 
applied  froa  BS^  through  3*6  megohm,  and  charge*  a 3 microfarad  condenser 
which  after  about  12  seconds  discharges  through  th*  834  and  feeds  • 
negative  pulse  to  the  grid  of  7pi  initiating  claarout*  Th*  purpose  of 
this  at*  • is  to  provide  sufficient  tin*  delay  in  tha  blinker  claarout 
for  th*  reception  of  three  separate  challenges. 

(4)  m2  ~ Fact  claarout  tin*  delay  using  a gae-fllled 
triode  ( 1'4)  operated  at  fixed  caDiode  bias  of  6 volts*  Plate  voltage 
ia  supplied  through  3*6  nagoha*  fra*  the  blinker  counter  (Bj,  and  B2) 
when  in  state  4 ae  described  above.  Then  tha  0.03  nicrofarmd  condenser 
is  discharged  by  the  334,  a negative  pulse  is  fed  to  the  grid  of  72  and 
cleanout  proceeds. 

Ihl*  stage  is  energised  at  tha  oma  roaent  that  the 
blinker  limits  and  on  discharge  it  initiates  claarout  which  blocks  the 
blinker  lijit  circuit.  It  la  evident  that  the  U*e  delay  of  3T2  corresponds 
to  th*  time  of  th*  blinker  light  flesh. 

(5)  Ds  - A discharge  tub*  using  cn*4ia1  f of  a 6SC7  twin 
triod*.  It*  purpose  t*  to  h*lp  discharge  th*  3 nicrofarad  condenser  when 
the  action  of  BT^  1*  preceded  by  UTj  and  th*  forwsr  1*  inhibited.  Than 
BTi  1*  charging,  T>j_  is  blocked  fre*  grid  3 of  BSj*.  The  plat*  realstenoe, 

5.6  as  go!  ns,  is  Critical  since  It  rust  Halt  the  current  drawn  by  T’i  when 
BTj  is  charging  and  yet  allow  sufficient  discharge  of  the  condenser  when 
7t2  is  superseded  cy  BT^. 

(6)  - in  inverter  using  ore-half  of  a 6SC7  twin  triode 
reoelvre  a negative  pulse  from  ary  one  of  the  followlngi  (1)  on  challenge 
from  T*  ia  order  to  prevent  blinker  operation,  (2)  on  standby  fra*  HTp, 
after  tires  correct  counts  have  lean  received  and  the  bllnkor  lighted,  and 
(3)  on  standby  fr on  BTi  when  the  blinker  cycle  has  been  initiated  but  not 
completed  within  the  12-«econd  ttoc  delay  of  BTl.  Its  purpose  is  to  supply 
s positive  pulse  to  the  grid  of  A4. 

(7)  A.  - Aaplifler  using  on*-half  of  a 6"C7  twin  triode, 
operated  at  a fixed  bias  of  15  volts,  "hen  a positive  pulse  fron  72  la 
Impressed  on  Its  gr id,  k^  dallvsra  th#  resetting  negative  pulse  to  the 
eupprossorw  of  Bjj.  B^b  *rd  ®5lh. 

(8)  Two  2050's  - gae-fllled  tetrodes  with  cathod<*  and  screen 
grounded  end  one  plate  connected  to  each  ervl  of  tho  sccnrvUiy  of  a transformer 


operator  ftron  t he  115-volt  a-c  line*  A lMd  fror.  ih*i  **c.v.  a r/  conter- 
tap  delivers  power  to  the  blinker  11  Jit  when  tiie  20?<J»a  are  unblocked. 

4a  ; rcTi  ously  noted,  the  2050  control  gride  are  biased  iron  the  transfer 
cri  :•  ai  d 32b# 

k.  Terminal  Panel 

The  teminal  ;*nel  is  locator*  the  fmnt  if  the  Vej.-er- 
rccc  jnirer  in  the  lower  rijht  comer.  For  corrections  to  t-.is  ,«nol  see 
Plate  2. 
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Z.  Prosit,  a tlor.  Trslcm 


The  propagation  eyaten  includes  the  antennae  and  equipment 
located  bct»o on  the  antannaa  and  the  receiver  and  transmitter,  namely, 
the  duplexer,  the  antenna  salt  h,  and  trananlaalon  line  a.  The  system 
has  bear  dealiyuxl  ar.d  la  tun  ad  for  a wavelength  of  70  centimeters 
(corresponding  to  a frequency  of  42J.5  legucyelee). 

1.  rtiblexor 

Ths  duplexor  la  an  arrangement  which  pamita  tha  uaa 
of  a single  antenna  for  truna-iaaion  and  reception.  It  la  m alactronle 
antenna  a*  Itch  which  switc.-.os  the  ar.tanna  from  transmit  tar  to  receiver 
(or  wlco  versa)  lr  approximately  ten  micros ecor da. 

A achamtle  diagra*  of  tha  duplaxar  uaad  in  thia  equip- 
ment la  ah.wn  m Hate  h.  An  actual  photograph  la  shown  on  Hats  112. 

To  analyse  Vj>  duple xer,  eonaldar  first  tha  oaaa  of 
a tranar’laal  on.  Tho  signal  foods  fro-  t!io  transmitter  to  point  (a). 

If  now  the  condition  a fulfilled  that  the  Impedance  presented  by  (a-b) 
la  largo  with  respect  to  that  presented  by  tha  li.it  (a-e)  then  the  (greater 
portion  of  tie  signal  will  food  Into  tiie  antenna.  That  this  condition 
la  satisfied  w«ll  be  ahown.  The  length  of  (a-b)  is  approxlnataly  an 
electrical  quarter  wavelength.  Therefore  If  tha  line  la  shorted  at  (b) 
then  the  i~podance  of  (a-b)  at  (a)  will  be  vary  high.  Tha  aborting  of  (b) 
la  accor-pliahed  as  follows i Tha  point  (b)  is  tapped  In  on  the  quarter 
wave  ta.-j'.  (c-f)  at  a point  corresponding  to  an  impedance  Zj  which  la  of 
the  order  ;f  bunlreda  of  ohae.  Point  (c)  haa  an  inpodanoe  Z2,  normally 
several  thousand  ohos.  Tha  first  portion  of  tha  signal  fr©n*the  transmitter 
appears  at  (c)  with  its  voltage  transformed  In  tha  ratio  of  ^2  over  that 

Z1 

at  (b).  Tide  voltage  is  ruffle  lent  to  break  down  tha  gas  tube  at  (c)  with 
a consequent  lowering  of  tha  lnnadar.ee  at  (c)  by  about  a factor  of  roughly 
15.  Tha  Impedance  at  (b)  la  lowered  by  the  same  factor  resulting  in  an 
effective  short  at  (b).  Thus  tha  transmit  tad  signal  la  fad  Into  the  antenna 
with  only  a small  percentage  of  it  going  into  tha  receiver  circuit  due  to 
tha  l-pedor.ee  at  (b)  not  being  taro.  The  receiver  input  sta  a than  is 
subjected  to  the  de-aging  transmitter  output  for  only  about  10~7  seconds 
(tha  breakdown  tine  of  tha  gas  tuba).  After  that  tlna  only  a small  portion 
of  the  transmitter  output  appears  at  tha  receiver.  This  serves  no  a vary 
affective  protection  for  tha  rece'vwr  in. sit  tuba. 

In  the  case  of  recoptlo..,  tha  signal  feeds  from  the 
antenna  to  point  (a).  The  length  (a-<!)  is  ><alc  an  odd  nimher  of  [uarter 
warden  pths  with  the  point  (d)  aborted  by  the  ante- na  coupling  coll.  This 


■ku  the  impedance  of  (a-d)  looking  into  (a)  Tory  high.  Host  of  the 
recalved  signal  then  feed  to  (b) . there  will  be  oone  further  loan  at 
(b)  elnee  the  impedoncs  of  the  tank  at  (b)  la  a' out  seven  to  ten  tlnos 
that  of  the  line,  Thia  neons  about  a ten  percent  loss.  During  reception 
the  voltage  at  (c)  la,  of  courss,  rot  nearly  enough  to  break  deem  the  gas 
tube. 

The  gas  tube  used  here  la  filled  with  helium  at  a 
pressure  of  about  one  ataoaphore. 

Die  overall  efficiency  of  the  duple xera  la  about  75Jf 
for  the  canplete  cycle. 


The  antenna  evitoh  la  located  In  the  tranaalaalon  line 
ayatem  between  the  duplexar  and  tha  antennae.  A photograph  of  It  la  shown 
on  Plate  113  and  a achexatlc  on  plate  2h.  on  standby  the  switch  connects 
the  duplexar  to  the  non-dlrectlonal  antenna  for  both  tranenisaion  and 
reception.  Thia  is  its  normal  position.  On  challenge  it  connects  the 
duplexar  to  the  directional  antenna  for  both  transnlsslon  and  reception. 

Three  eonoer.trlc  lines  enter  the  Twitch j one  fron  each  antenna  and  are  from 
the  duplexer.  A aborting  bar,  mo  rod  by  an  a-c  adenoid  working  against 
a spring  is  always  in  contact  with  tha  line  from  the  duplexar.  Loads  from 
the  adenoid  coil  go  through  the  control  cable  to  contacts  on  the  key  In  the 
control  box.  Then  the  key  la  depressed  for  challenge,  the  solenoid  Is 
snarclsed  and  the  shorting  bar  connects  the  directional  antenna  line  to  the 
duplexer.  Phan  the  key  la  ralaauad,  the  contacts  ere  broken  end  the  aborting 
bar  novas  back  to  its  normal  position  (connecting  the  oon-dlroctional 
antenna  line  to  the  Jupl-xer). 

A a previously  noted  (page  27  ) on  ehallan,;##  Tj  in  the 
keyan»recofpilBer  delays  tho  action  of  tha  keying  circuit  sufficiently  to 
Insure  contact  with  the  directional  antenna  before  transmission  takes  place. 

The  total  tine  for  a oooplete  challenge  cycle  la  nnly  a 
very  — Vi  fraction  of  the  time  the  switch  le  thrown  to  the  directional 
antenna  line.  Slnoe  both  operations  are  Initiated  eimjtaneousJy,  the  cycle 
is  completed  before  tho  switch  returns  to  Its  normal  position. 


All  transmission  llnws  in  the  system  are  either  3/8"  or 
7/3"  solid  copper  concentric  transmission  lines  using  steatite  Insulating 
be  a-  is  and  taring  e characteristic  lapedsncs  of  72  ohms.  At  present  the 
7/3"  line  la  used  only  on  the  Tagi  antanra.  If  long  lines  are  to  be  uaod 
on  shipboard  it  would  be  advisable  to  use  7/8"  line  to  reituce  the  looses 
and  decrease  the  chancns  of  vdtaje  hreakderwn. 
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4*  Hoiwttrsotlonal  Antsira 

The  aon-dirwotloaal  antenna  it  a Yerticelly  operated 
•klrtod  dipole.  it  la  shown  « plates  27  and  114.  The  oonoantrle 
line  la  terminated  In  tha  taw  dlpola  elements.  the  quarter-wave  aldrt 
aarraa  to  an  tab  the  unbalanced  lino  to  the  balanced  antanna  ^ratao. 
that  la,  it  allova  the  outer  conductor  of  the  line  to  ewirg  at  the 
termination  point  and  yet  leave  the  line  grounded  beyond  the  quarter-oava 
skirt.  A place  of  polys tyi  one  cloaee  up  the  end  of  the  aldrt  aa  veil  aa 
the  traneel  avion  line  to  make  It  watertight.  This  antema  hae  a reelatanoe 
vei/  nearly  equal  to  that  of  the  line  (72  oixee).  The  antenna  waa  Batched 
to  the  line  by  eeana  of  the  eethod  dlaouaaod  In  Appendix  B.  foe  proper 
umtohlng,  the  dipole  lengths  should  bo  16.5  cm.  or  0.235  \ • the  non- 
dlreetionnl  antenna  ie  used  on  atendby  far  both  reoeptlon  mid  tranealaslon. 

the  standard  vertical  dlpola  (hypodermic)  type  of  non- 
dlreotlanal  antenna  Is  also  satisfactory  and  oan  be  used  Interchangeably 
with  the  skirted  dipole  deearl  bed  above,  this  type,  shorn  on  nates  28 
and  115,  is  perhaps  easier  to  aount  and  would  probably  have  a wore  uniform 
circular  pattern.  However,  when  toning  the  hypodermic  by  the  method  of 
Appendix  Bt  mob  mere  orltloal  and  ws table  values  were  enoeontered.  faking 
down  an  antema  and  remounting  It,  weald  apparently  change  the  antenna 
eonstante.  The  skirted  dipole  on  the  oontrary  gave  vary  reliable  mad 
eonelstent  reeulte.  Bevertheleea,  whan  used  interohaageably  on  the 
rwoognltlon  eyatem,  the  bypodamlo  operates  satisfactorily  with  a somewhat 
higher  reeelvar  gain  neoaeaary. 

3.  jttEBS&gal  iasaa 

the  dlreotlcnal  antenna  Is  a modification  of  tha  Tbgi 
antema  for  beam  power  transmission  at  ultra-high  frequencies.  It  la  a 
vertical  array  of  parallel  half  wots  al amenta,  one  driven  and  ten  paraltlo, 
arranged  as  shown  on  Plates  29  and  117.  The  driven  element  Is  usually 
oalled  the  "antema*  and  la  denoted  by  the  letter  (A),  the  entire  array 
la  referred  to  as  the  "Tagl".  Six  parasitic  elements  are  equally  spaced 
along  the  trace  of  a parabola  of  which  the  focus  la  the  driven  element  (A) 
and  the  focal  distance  is  a quarter  wavelength.  These  are  the  six 
reflectors,  each  dcioted  by  the  letter  (H).  The  two  and  refleotora  are 
at  the  points  "her*  the  latus-reotna  Intersects  the  parabola  and  consequently 
a half  wavelength  each  from  (A).  The  four  remaining  parasitic  elements 
are  equally  spaced  along  a line  from  the  thriven  element  (A)  In  the  Jirection 
of  propagation.  These  are  the  directors,  each  denoted  by  the  letter  (n). 

The  first  diractor  le  3/8  or  26.25  one.  from  (A)  and  each  succeeding 
director  la  3/8  farther.  The  various  elements  are  rigidly  supported  et 
their  correct  spaclngs. 

The  antenna  le  tuned  by  varylnc  the  element  lengths, 
the  reflectors  a «S  directors  being  varied  as  a croup.  The  dimensions  are 
glvmi  for  each  half  elenent  or  the  nominal  quarter  wave  i assured  from  a 


horizontal  plana  throu*2»  tfaa  alenait  add-polnta.  The  eLwairta  in 
sysnetrloal  above  and  below  tha  central  plana,  The  preeent  elaosnt 
lengths  lr.  continote  a and  fractions  of  a wars  length  arei 
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GaHi« 

Cat. 

16.9 

0.341 

15.1 

0.216 

14.5 

16.9 

0.241 

15.1 

0.219 
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SL 


0.307 

0.306 


Tha  driven  elansnt  or  antonna  (a)  la  fad  free  a j/ft* 
ooppar  oonoentrio  llna  throu^  a quarter  awra  catching  section.  A dlagraai 
of  tha  dlractlonal  antonna  fa  v system  la  shown  in  Figure  J0»  Ihla 
qaartar-snivs  aaetlon  has  a characteristic  lapadonea  of  43  ohas  and  serves 
to  natch  tha  73-ofca  ooncantrlc  lint  to  tha  25-cha  TAgi.  Tha  central 
aondootcr  of  tha  watching  aaetlon  la  oonnactad  to  tha  loaar  antanna  half 
alsount  and  tha  outer  or  pro  art  corviuctcr  to  tha  u;-p«r  half  alanait*  Tha 
antanna  la  noun  tad  on  a cylinder,  through  *ilch  tha  a oi  non  trio  line  enters 
at  tha  support  and.  Tha  aaetlon  of  tMs  cylinder  fron  (a)  to  tha  support 
form  a quiurtwr  nn  inverted  skirt,  opnn  at  (/ ) and  aborted  to  ground*  /4 
trm  (a)  at  tha  support.  This  serves  the  saia  purpose  aa  the  skirt  on  tha 
no  twtt  recti  onal  anVnna  discussed  ahova.  Tha  1/8- Inch  llna  la  coupled  is 
a 7/8-inch  lino  which  go>a  throutfi  a water-titfit  (not  gae- tight)  joint 
('aa  Flats  113)  to  allow  rotation  of  tha  Tagl.  A photograph  of  tha  complete 
antanna  is  shwn  an  Plata  116.  Tha  Tajl  is  used  an  challenge  to  sand  a 
rwlnf oread  diraotlva  boon  at  tha  ship  to  be  challenged  and  also  aarvea  aa 
a collector  for  tha  reply.  A <tt  ractlvo  pattern  of  tha  Yagi  la  shown  on 
Plato  H. 


Ti 


■AaL^fflasaiis 


Tuning  and  adjustment  diractiona  mat  rvecessmriljr  ba  given  for  ft 
racocnltlon  eye tea  consisting  of  tvo  ooaplaU  unlta,  a a tha  tuning  of  ft 
single  unit  has  llttla  neanlng  or  value.  Tha  too  unlta  ara  looatad  at 
torn  flxad  atatlona  at  laaat  eight  alias  apart  to  allainate  aatarrtlon 
of  tha  receivers  at  Bodarete  coin  settings.  Tha  unlta  ara  rafarrod  to 
•a  Qalt  1 and  Unit  2 and  thalr  oorraapondlng  porta  similarly  designated 
auoh  aa  transmitter  1,  receiver  1,  dlraotlonal  antanna  1,  ate. 

Three  oonatderatl  ona  Involved  In  eorraot  tunlr*  ara  Uatad  In  tha 
ordar  of  thalr  relative  importance. 

l*  Corraot  tranmltted  and  received  signal  ooust. 

2*  Minima  frequency  ahlft  batman  transmission  with 
dlraotlonal  and  no  rv-di  recti  anal  antennas. 

3*  Maxima  atonal  transmission. 

Tha  nacaaaary  apparatus,  In  addition  to  tha  tore  reoopjitlon  unlta, 
lneludaa  a cathode-ray  oaollloacopa  at  aaeh  station  and  a naans  of 
auxiliary  cosrsuil  cation  batman  tha  two  atatlona 

Tha  dlacuaalon  on  tuning  la  broken  up  into  thraa  parts)  "adjustaanta", 
•mthod"  and  "pro  cad  ora".  Under  "sdjuatrsnta"  tha  looatlon  of  tha  various 
tuning  controls  ara  llatad.  Tha  "mthod"  paragraph  daala  with  tha  aathod 
of  toning  tha  Individual  unlta.  Tha  actual  prooc  a of  tuning  up  tha  entire 
system  la  dlaeuaaad  under  "procedure". 

Awing  AdAiatomte 

trwyJAUri 

1«  the  antanna  loop  tuning  plunger  looatad  at  tha  rear  of  tha 
cabinet  la  advanced  and  retracted  bjr  naans  of  a rod  supplied 
with  tha  unit  and  looatad  inside  tha  oablnat  at  tha  roar 
right  tend  aide. 

2.  Tha  oscillator  fl  tenant  tuning  frmaaa  ara  reacted  throng 
holes  looatad  below  tha  plunger  in  the  rear  panel  of  tha 
aahtnet.  Tha  tuning  fraao  etefte  ara  rotated  by  mans  of  a 
ecrew  driver. 


fr^TTTi- 

1#  The  oscillator  tuning  fraao  shaft  extends  beyond  the  rear 
panel  on  the  right  hand  aide  and  Is  rotated  ty  asana  of  a 
knob.  A fixed  scale,  calibrated  in  degrees  gives  Its 
relative  position.  Vhen  tha  total  rotation  is  none  than  360* 
the  ireober  of  corslets  turns  mat  be  oounted. 


3.  9m  preeeleotor  tuning  shaft  is  reached  through  a hols 
la  ths  left  hand  side  of  ths  eabinat  and  rotated  by 
aaans  of  a long  shank  screw  driver. 

3.  Ths  gain  control  shaft  extends  beyond  the  rear  nenol  on 
the  left  hand  side  and  Is  rotated  by  neons  of  s knob*  A 
fixed  scale  calibrated  In  degrees  gives  the  gain  setting. 
Ifcxlmam  gain  corresponds  to  a setting  of  300  degrees. 


2U$ g*K* 

1*  9>e  length  of  the  resonant  tank  and  its  central  conductor 
aey  be  varied  by  eeens  of  extensions  on  both,  nines  b-f 
{Plate  26)  is  fixed,  the  values  are  given  for  the  length 
b-o. 


tuning  Method » 

Assuae  units  1 and  2 installed,  operating  and  sat  up  for 
identical  counts.  (Ths  count  32-32  has  bean  found  convenient  for  test 
work. ) Connect  the  oecillosoope  leads  to  tbs  receiver  output  Jacks 
loos  ted  at  the  rear  panel  be  lev  the  gain  control.  Adjust  the  oscilloscopes 
to  read  the  signal  deflections.  Tranmaltter  1 is  tuned  by  noting  Its 
plunger  and  f llenerrt  tuning  positions  and  the  signal  strength  and  pulse 
oount  at  receiver  2.  Treneaitter  2 is  tuned  by  noting  its  plunger  and 
fllenent  tuning  positions  sr.d  the  signal  strength  and  pulse  count  at  receiver 


9m  fallowing  method  is  used  for  tuning  the  receiver  to  the 
incoming  eigrel.  First,  the  transmitter  high  voltage  of  the  receiving  unit 
set  be  turned  off.  This  la  obviously  neoeeaaxy,  since  the  received  signal 
Initiates  transmission  end  the  signal  strength  ct  the  reply  In  lta  «wn 
receiver  is  non#  than  suf riciont  to  saturate,  'let  the  oscillator  to  20 
turns  counterclockwise  from  its  extreme  clockwise  position  and  ths  pre- 
selector to  36  tn mi  counterclockwise  from  lta  s.traM  clockwise  position. 
Keise  the  gain  setting  rd  adjust  the  oscillator  tuning  until  s sire  able 
deflection  (over  10  rwu)  is  noted  on  the  scope.  Then  successively  reduce 
the  csin  arf  tune  the  oeclllstor  until  e maximal  deflection  of  10  milli- 
meters le  reached.  It  will  bw  noted  that  as  ths  gain  decreases  the 
oscillator  tuning  moves  counterclockwise.  Wow,  with  the  gain  setting 
fixed,  tune  the  preselector  for  maximal  signal  and  then  mtune  the  oscillator. 
Then  the  osciUo*oope  deflection  is  20  mu  or  above,  the  gain  should  be 
reduced  and  tne  oscillator  returned  since  deflections  e>ove  20  tau  ere  in 
the  region  of  receiver  saturation. 

This  procedure  4 s follow'd  for  each  change  in  transmitter  tuning 
and  is  referred  to  rerely  as  tuning  the  receiver.  The  oscillator  tuning 


TfmLru:  grocadura; 

•“>>  step  uta  m ths  owS^UrtJj^  ‘ta  •oUo,rt"c  Pre««l»rs,  «te 

*•  2t.th*  <'acm*tcr  riltn-nu  at  (1)  and  (2)  ♦* 

25  turna,  oounterclockwiaa.  ' ' “ 

2'  dUpl*3*r  Unk  Un&il  »t  (1)  to  15.3  cantU 

3.  Ttvmut  fnr.  (1)  on  tha  ncn-diraetional  artonna  and. 

*•  IHri™-1 « 2 
>•  sH"Fs“  ss.  w 

latmn  tha  limits  of  correct  count. 

fUancnt8  «t  (1)  for  naxina 
•Icaal  ylthln  limita  of  corroct  oount.  flie  filament 
tralng  la  not  at  all  erlUcalj  it  will  not  arrioualy 
affaot  tha  output  over  a broad  tuning  rarga. 

**  S!^1LfT5nJ1)  *lt*m*t*10r  <*>  tha  dlrwctlon  nnd  non- 
-Sl-^!L*nt*nn4f  *n,!  tyn“  **•  ?lur«0'  *t  (1)  for 
tunln^at^2)*nC7  *"Lft  “ noU<1  by  recaiver  oscillator 

5.  Trananlt  tram  (2)  on  tha  non-di  recti  or.al  antenna  and. 

a.  Aina  tha  Meal war  at  (1)  adjusting  duplexer  at  (1) 
ror  mmxxmm  •l«7ul# 

b.  Adjuat  plunger  at  (2)  for  audna  eign. a at  (1) 
within  tha  Italia  of  correct  count. 

«.  TUna  tha  tranamttar  fllarenta  at  (2)  for  rwxdrua 
atgnal  within  tha  limta  of  correct  oount. 

6.  tfcanaoit  fV«!  (2)  altai-nataly  on  tha  directional  and 
noiwUrwotional  antennas  or  : tune  the  plunder  at  (2) 
f°r  ninimaa  frequency  ahlft  no  noted  by  tha  receiver 
oac  Ilia  tor  tuning  at  (1), 

tha  P^certure,  It  l c,  of  source,  necesear.'  to  ratuna 

SJnIStSS  ilU®  ^ Unlt  r'"nev’,r  -W  ~hnr.*;o  is  ~nde  in  the 
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A. 


B1SKSI 

Origin 


A puls*  type  recognition  systan  haring  oultlple  groups  of  pulses  ami 
using  electrcrdc  counters  was  first  suggested  by  Contender  Saffcrd. 

Ot  the  basis  of  this  suggest!  n Dr.  Cleoton  first  set  up  s breadboard 
■oriel  of  an  experiaental  trlode  counter  ays  ten  to  demonstrate  the 
feasibility  of  this  method.  He  then  expanded  this  circuit,  usi-.g  pentagrid 
Instead  of  trlode  counters.  Into  a completely  automatic,  two  way  recognition 
ays tea.  The  automatic  operation  was  obtained  through  the  use  of  muasroua 
Mechanical  relays.  A preliminary  report  on  this  system  was  made  before 
any  construction  work  was  begun  on  it.  It  is  filed  aa  letter  report 
5-^67/33,  Serial  111,  of  January  17,  1939.  After  undergoing  considerable 
changes  this  relay  operate.!  system  resulted  in  the  circuit  desert b-d  below 
under  the  hoa  ling  "two  group,  four  counter,  relay  operat'd  system*. 

Jr  the  following  paragraphs  several  gators  are  discussed  which 
precede’  the  final  nodel.  Xo  attegt  :s  made  here  to  explain  these 
circuits  in  detail.  They  aro  includ  d to  show  the  baekgro  nd  upon  which 
the  present  oysters  was  built  and,  by  comjiartaon,  the  improvements  which 
were  made,  as  well  as  for  purposes  of  record,  only  the  keyer-recegni-'r 
circuits  are  discussed  since  the  rest  of  the  system  remained  essentially 
the  sane. 


B.  Tbro  group,  four  counter,  relay  operate  i svstea 

The  original  idea  was  to  lave  oach  signal  consist  of  two  .proupe 
of  pulses,  with  the  challenge  coded  -ttfi'erertly  than  the  reply.  The 
Simplest  way  this  coul ! bo  achieved  was  to  use  a total  of  four  counters, 
two  far  the  challenge  and  t»o  for  the  reply,  rive  stu0e  counters  were 
use*’,  allowl  r.,:  a count  ip  to  32  for  each  group.  This  ,v»vc  1010  possible 
codes  on  the  challenge  and  an  equal  number  on  the  reply,  or  a total 
possible  number  of  1,020,100  different  codings. 

The  circuit  diagram  for  the  relay  operat'd  system  is  shown  on 
Plate  32.  This  circuit  reiulred  61  vacuum  tubes,  5 gas  tubes,  3 relays, 
■cst  of  which  !iad  to  make  and  break  acre  than  two  circ  .its,  and  a stepping 
re  1*7  for  tho  optical  reply*  A power  supply  large  enou,h  to  del  Ivor  500 
ma.  at  300  volts  was  mcessary. 


This  system  was  made  to  vork  of*er  a fas  I don  lut  t!.o  relays  were 
constantly  ,-lvlng  sor»  kind  of  trouble.  Tho  biggest  problem  was  to  keep 
the  nadir.’  and  breaking  o£  the  rrl.vrc  from  pro  Jucir.g  intorfor-'nce  which 
would  trip  the  counters.  It  must  r»>  emN-r  ! ti  nt  a receive.-  was 
mounted  on  the  sa-e  chassis  as  the  r'-lay::,  uoeerr  ita‘ir.g  c'co  ’in  ly  ood 
filtering  ac  vas  the  relay  points.  ;*urt!  -rm.-r-,  since  countort!  and 
s»  itches  arc  threshold  lerico-i,  the  '•ppoar.r.C"  f -ven  a sir  -1*  ju’se  at  the 


I 


keysr-recogniser  input  was  sufficient  to  upest  the  entire  aystam. 

Xf  a spurious  pulse  of  this  type  tad  appearm  regularly  iJuring  each 
cycle,  it  could  have  been  compensated  for.  Howe  Ter,  since  s me  of 
the  relays  were  breaking  sixty  cycle  currents,  the  appearance  of 
interfering  pulses  would  depend  on  what  tine  during  the  ,*C  cycle  the 
relay  was  broken.  ’X  operation  of  certain  relays  and  lanps  would  have 
eliminated  t.la.  the  added  complication  of  large  enough  rectifiers  to 
obtain  the  X was  not  considered  practical,  knottier  undesirable  feature 
of  the  relay  ays  ten  was  ttut  the  lolay  between  a reception  and  a reply 
was  so  long  that  tho  two  could  be  distinguished  with  tiie  aid  of  a pair 
cf  earphones. 

fia  view  of  all  ttiase  shortcomings,  the  rolay  system  was  converted 
to  an  electronic  one  In  wtdeh  all  hat  one  single  circuit  relay  waa 
eliminated. 

The  original  system  was  also  to  have  the  edited  feature  of 
operating  on  two  carrier  frequencies,  one  of  which  was  to  be  in  the 
region  430-450  Jfc  and  the  other  between  153-200  Uc.  Two  rwcoivers  and 
two  transmitters  wore  to  be  usr.d.  At  the  transnltter  end  the  higher 
frequency  waa  to  give  directivity  and  the  lower  to  be  variable  and  have 
▼ary  high  power  capabilities.  The  output  of  tho  two  receivers  was  to 
be  fed  through  coincidence  tubes  ao  as  to  necessitate  the  slrultaneoua 
reception  of  the  signal  or.  both  frequencies.  The  reason  for  this  was 
that  the  variable  frequency  and  the  higher  power  were  more  easily 
obtainable  at  the  lower  froquency  and  tits  higher  directivity  nore  readily 
attained  (l.e.,  it  takes  loss  space)  at  the  higher  frequency.  EQr 
oonbining  the  two  into  a coincidence  system,  additional  security  was 
obtained  because  of  the  two  frequencies,  one  of  which  can  be  changed  from 
time  to  tine.  On  a puro  probability  basis,  tho  cno  elision  codas  obtainable 
la  the  two  tpraup  systems  could  by  this  method  be  increased  to  taqy 
millions.  It  therefore  would  be  nore  difficult  to  interfere  with  such 
a syate-i  because  the  interfering  signal  would  Java  to  be  on  two  frequencies. 
Similarly  there  should  be  less  Interference  fron  certain  typos  of  static, 
from  a practical  standpoint,  however,  such  a system  preeented  sufficient 
disadvantages  to  nake  it  felt  that  a one  frequency  system  would,  all 
things  considered,  bo  superior  to  a two-frequency  system,  tbs  roasons 
for  this  were  as  follows i 

1.  Die  too  frequency  system  would  require  two  complete 
trananitters  and  two  complete  receivers.  This  would  add 
at  laast  JOi  to  the  size,  the  weight,  and  the  power 
oonsunptio:).  The  additional  cory laxity  would  certainly 
decrease  the  reliability  of  the  system. 

2.  An  additional  non-diroctlonal  an  ton:  a,  as  well  as  ano*hcr 
duplexcr,  would  be  needed.  The  lattor  would  .’are  to  be 
two  to  tiiree  tires  as  large  as  the  present  duplexcr.  The 
whole  eyaten  would  .avc  threo  an  ten  mo  to  nuint,  necessitating 
tho  running  of  three  t-anmnlssion  linee. 


i 
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3.  Although  it  la  no  re  difficult  to  interfere  with 
(interference  ia  here  used  in  the  sense  of  someone 
else  trying  to  ope -ate  the  aysteu)  such  a system, 
it  ia  easier  to  Jan  it.  The  system  can  be  rendered 
useless  by  the  blocking  of  either  recelvor.  The 
probability  of  an  antsy  being  able  to  produce  a 
Jamming  signal  on  any  one  of  two  frequencies  is  greater 
than  his  being  able  to  produce  a Jamming  signal  at  a 
glean  frequency. 

4.  using  two  frequencies  radices  by  more  then  twice  the 
degree  of  radio  alienee  maintained.  Mharsaa  in  the 
present  system  there  is  era  direction  end  one  non- 
dtrectional  tranw.isslon  during  a complete  qrde,  the 
two  frequency  ayetmr  would  hare  three  non-dlrectional 
end  one  directional  transmission. 

Operation  on  175  Me  and  435  Wo  sue  actually  aeco-pliehed  with 
the  four  counter  relay  system.  However,  with  tha  develop— it  of  the 
owpletely  electronic  aye  ten  the  two  frequency  idea  waa  dropped  for 
the  reasons  anuswratsd  abort,  should  it  be  felt  that  tha  additional 
security  la  desirable  in  spite  of  the  added  else  and  complexity,  the 
additional  frequency  can  be  added  to  tha  present  system. 


ectronic 


The  relay  Qra ten  was  completely  rebuilt,  slininating  ell  relays 
with  the  exception  of  one  single  circuit  relay  for  the  purpose  of 
■error*  or  final  clearout.  Vacuum  tube  electronic  switches  are  used  to 
replace  the  relays.  The  circuit  diagror  is  a!. own  on  plate  33. 

The  circuit  used  66  vacuum  tubes,  2 gas  tubes  and  one  relay. 
frjwmr  consumption  n3  vary  nearly  that  of  the  relay  system.  It  ’ai  tlie 
sans  possible  ninber  of  codes  es  the  relay  system. 

The  indication  of  correct  transmission  and  reception  was  obtained 
by  maene  of  four  neon  lamps  connected  Erectly  across  the  pistes  of  four 
electronic  switches.  Each  lamp  corresponded  to  one  group  so  that  a check 
sms  maintained  on  the  correctness  of  the  tranas lesion  and  recaption  of  oech 
group  of  any  of  the  outgoing  or  incoming  two  groupe. 


Very  aatlsfaetory  operation  was  obtained  with  tills  system.  Two 
units  were  ojwrated  over  e land  distance  of  eight  miles.  The  two  unite, 
however,  after  haring  undergone  mary  experimental  revisions  (including 
the  major  one  from  relay  to  electronic  switching)  were  in  rather  poor 
mechanical  condition,  it  was  therefore  decided  to  build  two  new  unite 
with  the  two  jyoup  system  replaced  by  a one  group  system.  The  fomsr  was 


to  be  held  in  reserve  in  ease  a greater  coding  was  deal red  in  an 
anergsr.cy  (ea  cal '.ad  for  in  the  authorisation).  All  developeont  and 
testing  could  than  ba  carried  out  with  the  one  ,70  up  ay* tan  and 
shenev ar  tha  necessity  arose  the  ona  .roup  keyor-recogniser  could 
simply  ba  replaced  by  tha  two  group.  This  aystan  is  discussed  below 
under  ■one  group,  two  counter  electronic  aystan." 

n.  One  Group.  Two  Counter  Electronic  dystwa 

5y  changing  free  a two  group  to  a ona  group  system,  tha  coding 
poeeibilitiea  ware  reduced  fr on  approximately  ona  million  to  about  four 
thousand.  However,  this  was  Iona  with  a decided  reduction  in  else  and 
cowplaxlty  of  the  circulta  involved.  Choreas  tha  previous  ays  tar  had 
a total  of  6d  tubes  in  tha  keyer  recogniser,  tho  single  group  ayataai 
nee- led  only  19.  71m  circuit  diagram  for  the  ona  group,  two  counter 

s ye  tar  is  shown  or  Plots  34. 

Tha  neon  lamps  ware  replaced  by  a double  electron  ray  tuba  as  an 
Indicator.  A single  relay  ear  again  used  for  cetlude  clearing. 

Thle  circuit  waa  not  built  up  because  of  tha  dewelopsMnt  of  tha 
further  simplification  of  haring  ona  oountor  do  double  duty.  Its 
operation  la  aa sent! ally  tha  sans  as  that  of  the  one  group,  ona  counter 
systwi.  The  operation  is  et-pler  than  the  one  counter  method  but  it 
requires  -ora  tubes. 

E.  One  group.  One  Counter  'lectrorlc  system 

Tha  one  group,  one  oounta-  aystan  was  tha  final  no«!al  arrived  at 
and  la  tha  ona  which  has  been  disc’-saed  at  length  in  this  report.  It 
uaes  a total  of  47  tubes  in  the  kcyer-rocognizer.  This,  however,  includes 
a blinkar  and  remote  cor  trcl  systw  which  was  not  lncl  «ded  In  the  other 
systems.  Tie  actual  nurbar  jf  tulws  and  rolays  used  in  tha  basic  circuits 
of  ttm  kaycr-rocognizer  would  oo  pare  as  follows  for  tha  various  circuital 


Jubea  Relays 

Four  Counter,  TWo  Group  Relay  System  66  8 
FOur  Counter,  Two  Croup  Klee ironic  System  68  1 
Two  Counter,  one  Croup  electronic  System  39  1 
Coe  Counter,  One  Group  Electronic  System  33  1 


In  making  the  above  comparison  it  must  be  borne  in  mind  that  the 
first  two  systems  have  a total  possible  coding  of  over  a nillion  whereas 
the  last  two  have  a coding  of  only  slightly  nor*  titan  4000. 


m.  on.THtti.  sor  ax  sirs 

A.  — lU'dlltT 

the  two  units  wore  tested  at  various  inte-wlr  over  a period  of 
•bout  two  non tii a.  During  thia  period  nr;  relv.'.le  operation  waa 
naintainad  (with  the  exception  of  local  interferone > troubles  to  bo 
diacuased  below).  Theee  tests  were  ’-ade  ova-  a line  of  sight,  land 
distance  of  about  eight  nllos.  The  poor  conducting  neJiua  oror  which 
the  propagation  was  made,  the  low  antenna  !-.ei,,hta  used  as  well  as  the 
reoelver  gain  which  was  still  available  rtade  it  reasonable  to  predict  a 
range  of  20  miles  over  sea  wator  with  tlie  antennas  mounted  fairly  high 
on  • ship. 

Xn  oonrtucting  t)>ese  tests  it  was  necessary  to  transport  one  of  the 
units  a road  distance  of  abo  ,t  fifteen  mi lea,  set  it  up,  taka  it  down  at 
tha  conclusion  of  the  teat  and  transport  it  back  again.  This  -ethod  doss 
r.ot  land  itself  vw ry  well  to  a rellabil:ty  teat.  Rorsally  *et  of  about 
IDO  challenges  that  were  made,  on  the  -■  rd*»r  of  one  error  was  obtained. 

Thia  could  ’usually  be  proven  tc  nave  been  interference  of  son®  kli  d. 

Ihen  one  unit  was  set  ur  for  a count,  different  titan  the  ot.  er,  th<  error 
detection  T/ste*  worked  perfectly.  No  correct  indication  was  received 
v;.en  a wror,;  count  net-up  existed. 

No  long  tlae  reliability  teat  has  been  nade  because  of  the  tnpoaei- 
hllity  of  finding  ary  place  to  permanently  set  up  the  second  unit,  neither 
haw  ary  testa  been  oonihioted  to  determine  the  affect  of  tanpornture  and 
hualdity  changes.  fl.eao  units  were  built  as  first  rmdela  to  determine  tha 
operation  of  tlie  switches  and  counters,  the  effect  the  RF  circuits  r ould 
haw  on  them,  the  effect  of  interference,  nocena.irr  transmitter  power  and 
receiwr  sanaitivity  to  cover  the  rang**  etc.  Consequently  no  special 
atte-pt  was  made  to  provide  tho  transmitter,  for  example,  with  an  overall 
aero  tamper*.  ‘ ire  coofficiant.  It  wj*s  as  mined  ttint  orcc  satisfactory  opera- 
tion had  be«i  effected,  the  ata'l’.ity,  breakdown  and  'ither  , roble-a 
presented  by  te-per  »tu  e,  huniilty  and  life  could  be  ).aridled  by  the  usually 
accepted  netho.ls. 

B.  Interfere nca 

flie  problem  of  interference  at  tinea  prove*!  to  be  very  troublesome, 
jn  all  tests  one  of  ti  e uni  ta  wau  set  up  on  the  Laboratory  mof,  while  the 
other  was  usually  taken  out  in  the  truck  a out  eight  miles  from  the 
Laboratory.  At  the  latter  point  tnc  a waa  only  one  type  of  Interference 
notice!  which  ouapemtod  operations.  Tliat  was  tlie  approach  of  a car  or  truck 
to  within  about  50  faat  of  tha  antennas.  Tha  ignition  interference  would 
trip  the  counters  and  consequently  cause  the  amber  light  to  £o  out. 

At  the  Labo . -a  to  ry,  howewr,  the  lntej-forer.ee  profiler  waa  more 
serious.  First  of  all,  the  aare  i,rnltlon  intarfaranca  was  noted.  The 
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*»rtou#  construct! on  project!  on  th*  »•> . 

and  trucks,  the  lnterrerenerrwL  VLUb?  10,7  '^rouneU  u>od  ml*** 
distance  of  200  foot.  <3mS]£^  C*U**d  troubU  ovor  * 

peak  p xnsr  outputs  (nrl«i^w%*^r^nU1vtr*n,,r,lttora  with 
or  ths  recognition  ISf  would*^^,*!  “!#>  #t  * !r^tncy  «•«  that 
though  ths  laboratory  unit  intorrerencs.  This  occurred  avan 

20  dbbelow  that  £ * rflrer  b.te.«,  15  and 

at  ths  Laboratory  me,  oTSSS  ^ 0th#r  ^ m*  hti*  noias  level 
coamni  cations  rscsivsrs.  Ths  200^t  in  **•  re.iular 

rsrsne#  Tn*  * Ra»lar  produced  no  notices  Ms  inter- 

<um«ati..  „»  roUcm. 

«.  h **  *f  *»  »«« 

to  assusn  that  ths  noise  level* ««  *noount*r*‘l*  It  is  reasonabls 

Laboratory  in  view  0f  ths  Ion*  'isti^c^t^  moti  b*1<7W  that  at  ths 

Maintain,  ir  sr.y  acirSir  lnterES^  ^^ni  cat  ion  that  a ship  mist 
•xlsts  on  shipboard  it  can  no  doubt  “ 1<;niWon  or  oth«r  sparking 

•nter.na  height  atd  salt  ££ *r^#morc*  th*  **»*d 
operated  at  low  tS^JU  111  *)r°bably  allw  the  receivers  to  bo 


levels  oT  f“-Ssatos*ars°i^unts?!d*at,^hUnftIL0p*r*t#  thPOU«h  *uCh  high 
necessary  to  Ijk^  thTtS!2i~  Latter y,  than  it  will  bo 

tines*  since  the  trarsn'  ttsr  is  by  * **°'or  of  *t  least  rour 

inor^e  would  man  a comldsrablfS^srCI^L^iS^^  "°h  “ 

■a rely  rwdIV  th^aSuJSJoJSili!  ln^far«nc«  *-ich  is  discussed  her# 
correct  lnroiS.Si.7  S 7‘  not  C**M  u in- 

by  the  'lashing  or  the^-b^TSIS.  * f*-rrerenc.  is  inmdtntely  indicated 

C.  tecta  bllltv 

ss^AMsaT?  sr 

re^SS  t of  4t  laMt  50  *C  for  the  signal  to  bo  at  all 

rss^vsd  and  at  least  100  rc  to  pass  it  undlatortert.  Unoe  the  ™is- 

oneomtvo!  55  tt‘i*  ,lcrAl  could  0r^7  be  recorded  by  photographing  it 

zrsjsfjssi 

Sn^tm^  u down.  He  Is  then  confronts  ty  We^ij. 

*Lth?r^i  10  ItfrDdyC*  lt#  Th*  20  K mu  tilation  rrequoncy  cSlrf, 

u?£Sl  Suir&.'iiS0; ac  w*  M»rew  - ?*S£ 

S?rSSlS  ^ if  1)18  **  *3  "*11  M »«-'S  r.cordtn,;ior. 
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Xn  vise  of  ths  fact  that  an  eneaor  austi 


1.  be  in  the  llna  of  sight  to  ba  within  the  sijiaX  range, 

2.  locate  tha  carrier  frequency, 

j.  recognise  the  signal  aa  acnotliinj  other  than  interference, 

4*  record  the  signal  on  a high  voltage  single  sweep  oscillograph, 
5*  analyse  tha  recorded  signal, 

it  la  vary  Improbable  ha  will  detect  tha  signal.  This  approaches  rery 
nearly  tha  Ideal  situation  of  a recognition  ay  a ter.  which  saint*,  ins  radio 
silence. 


Thera  la  rery  little  that  ean  ba  dona  to  tha  present  units  to  sake 
tha  operation  wore  automatic  than  It  la.  The  only  possible  addition  would 
ba  tha  uae  of  some  automatic  meant  of  rotating  the  directional  antenna, 
althoutfi  tide  would  produce  only  a aonawhat  questionable  iaproronent  over 
tha  manual  rotation.  Parhapa  tha  least  reliable  of  tlta  prsssnt  automatic 
device  a la  tha  antenna  awltch.  ■'lth  a aria  further  research  on  the  subject 
It  is  possible  that  this  oould  ba  changed  to  electronic  operation.  The 
operation  of  tha  entire  unit  could  than  ba  made  electronic  with  no  raoring 
parte  except  the  aatn  challenge  awltch. 


The  equipment  as  it  now  stands  has  a volume  of  about  10  eublo  feat. 

The  authorisation  calls  for  a volume  of  6 cubic  feat  or  lsea.  It  was  found 
that  tJiia  figure  could  not  be  net  without  sacrificing  sons  of  tha  desirable 
features  of  tha  ays  ten.  Of  the  ID  euble  fast,  2 a re  taken  up  by  the 
ventilating  eyaten.  Tbs  ventilating  problem  waa  r.ot  entirely  appreciated 
at  tha  beginning  because  it  waa  not  expected  tliat  such  oonplcte  shielding 
would  ba  necoas  »ry.  The  shielding  made  the  ventilation  p rubles  nor*  difficult, 
resulting  In  a demand  for  aore  apnea. 


Qf  using  the  improved  counter  circuits  discussed  on  page  22  , a 
considerable  saving  in  power  supply  space  world  ba  affected.  However,  the 
total  amount  of  decrease  in  else  and  weight  that  could  be  effected  in  the 
present  system  la  not  very  greet.  The  reason  for  this  is  that  the  receiver 
and  transmitter  at  present  account  for  more  weight  wid  space  than  the  ktytrw 
recognlser.  To  decrease  the  else  of  the  trsneaitter,  it  would  be  necessary 
to  discard  the  present  relay  type  of  operation  in  favor  of  sons  ays  ten  using 
synchronised  signals,  a a a.,;.,  a system  using  a cathode  nyr  tube.  As 
previously  asntioiied,  the  development  of  this  type  of  aystan  is  being  carried 
on. 


Till 


er  f utix»t 

The  circuit  reduces  to  ft  oondcnamr  dlac..*rl;i.-ig  through  a 
resistance  lead*  The  voltage  decruaje  across  V-o  condenser  is  a neasure 
of  t c energy  ln^-Mt  to  the  oscillator,  The  oscillator  efficiency  was 
*<o<unr'x1  under  car tluu'n.a  pulaijig  with  a lanp  load*  The  current  flowing 
lei 


where 


i • • a? 

1 • current  drnwn  by  load 
C • oa>ncJty  of  condenser 
• • eoraiensor  voltage 
t • tine  Of  discharge 


Tor  a square  wave  signal,  the  fell  owing  nay  be  aaeunedi 

i • • 

where  .At  le  the  product  of  the  guise  width  he*  the  nusbor  of  pwlaee  and 
/\e  la  the  voltage  drop  in  tine  A t« 

for  e • 2 nfd(  . 1 • • 160  volts,  a • 64  pulsee,  and  /It  • 44  x 7*5  • 430  a 

_a  160 

i ■ 2 x 10  * ZioaBT^  * O*667  •**•*■• 

Pin  • power  ln^ut  • a&  • 4J00  a 0*667  • 4333  watte 
Foot  • P0**  r output  • Pin  * -If*  • 1333  x 0.30  • 366  watte 


*The  -odulating  si,  nal  is  r.ot  strictly  a square  wave  signal,  but  la  a 

good  approximation  (see  "late  4)*  The  average  ,ulse  width  ia  7*5 
microseconds* 
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artetaia  to  tie  lire,  1 1 la  no rely  neces  *ry  to  establish  the  nodal 
reference  points,  adjust  antenna  ct.nst.vita  until  one  or  tha  other 
nod#  point  !•  reached  and  tuen,  if  possible,  adjust  furtler  with. jut 
shifting  tha  node  point  to  oh'  In  a iterating  wave  ratio  approaching 
unity.  If  an  adjustment  in  reac’e.1  which  haa  a high  atanrting  wave  rutto 
and  a alight  ch*ge  in  the  ante  na  yrtvhuces  a ahift  of  JO*  in  the  nodal 
points,  than  tha  antenna  has  a resistance  vary  nearly  equal  tc  that  of 
the  line.  It  rust  be  renenhered  tiiwt  it  is  not  necessarily  possible  to 
reduce  t!e  antenna  resistance  to  that  of  the  line.  A matching  section 
my  be  r.ecessaiy.  The  r"sis‘Ance  of  a directional  antenna  can  usually 
be  varied  over  quite  a ra.ve  but  It  i3  dona  at  the  cost  of  chnn.ps  In 
the  directivity  uttern.  ?or  heat  directivity,  tha  radlat-on  resistance 
of  a directional  antenna  will  usually  a quite  low,  necessitating  a 
natc.V  • ,1  section  frtn  a • taralard  75  nhn  line. 

The  actual  ap.ieratus  included  an  oscillator,  op-ratlng  ;'t  the 
si~al  frequency  of  ti.o  roco  yiitior.  ay-ite”,  feeding  tlie  anterc  a under 
test  tlirough  a concentric  line  of  enlar,  crorr-seotlon.  A Si"  >o 
detector  moved  latarolly  along  the  line  -o-uured  the  voltage  hot;  an 
lnr.or  an  ! outer  conductors.  Djr  this  ••  d,  the  antenna  element  lengths 
and  feed  ayatm-.3  were  adjusted  to  make  u.e  antenna  Impedances  jure 
resistances  equal  to  the  lina  resistance  of  75  ohms.  The  element  lengths 
of  the  various  antennas  so  cbtai.ued  an  ! t.!.e  maximum  standing  wave  ratloa 
obtains  1 were  as  follows  i 

1.  For  the  skirted  dipole  (norw-iirectior-al)  antenna,  a ratio 
of  0.90  was  obtained  at  tiie  followin,,  oiement  leugthaj  ttpoler  - 16.5 
era.,  skirt  - 17.0  cns. 

2.  i'or  the  Jypo^mie  (non— iircctioral)  anton:.a,  a ratio  of  0.92 
ram  obtained  at  tha  following  elw«.t  lengths  i upper  alwant  - 1!  cns., 
lower  element  - 15.2  era.  As  previ  >ualy  potnto.l  'ut,  no  consistent  results 
were  obtained  with  this  antenna. 


3.  Fbr  Tagl  ^1  (directi  onal)  an  ten;. a a ratio  of  0.96  w.-.s  obtained 
at  the  following  clement  lengthsi  (A)  antenna  - 15.1  o-c.,  (R)  reflectors  - 
16.9  eras.,  (D)  directora  - 14.5  cms. 


Qeneral  Specifications 


» 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 
n. 
12. 
13. 


14. 

15. 


51{7*1  frequency  - 423.5  megacycles 

Range  of  operation  - 20  miles  (ship  to  ahip) 

Supply  roltage  - 110  to  120  volte  60  cycle  *-c. 
Peak  power  output  - 160  watte 
Total  poaaiblo  coding  - 4096 
Modulation  frequency  - 20  kilocycle* 

Pulae  tldth  • 7.5  nicroeeccnde 
Total  cycling  tine  - 1 aecond 
BlLrJcer  flaeh  tine  - 1/4  eeeond 
Blinker  cycling  tin*  - 12  second* 

Transmitter  Plate  .Supply  Ybltage  - 6500  volts 
Humber  of  tubes  - 62  (See  tube  complement.  Table  2) 
Power  i-oneumption 
Total  for  Onit  - 675  watts 
Transmitter  - 275  watte 
Receiver  - 60  watte 

Key* -recognizer  - 250  watte 

Dimensions  of  cabinet! 

Width  - 22%  Depth  - 13",  nsight  - 45% 

Yolune  - 10.3  cubic  fast 

r eights 

Transmitter  - 73  lb 

Receiver  - 15.5  lb 

Keyer-roco.yilr.er  - 75  lb 
Cabir.-t  i Blower  - 139  lb 
Total  gabinet  assembled  > 2.5  lb. 


» 


I 


» 


» 
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TUble  a 

TUb#  Co-plenent 


Trnr.snitter 

2HC24  Qrmtnn 
807  Amplifier  Tetrode 
879  Half  Wavo  ii  -ctiflar 
ST4  Ml  Bar#  Rectifier 


Total 


tec  elver 


6>'.C7  Ar plifi mr  fentode 
Amplifier  Pentode 


954  Detector  pentode  ( Acorn  TJrpe) 
;’5  oec  ilia  tor  Trio.ie  (Acorn  Trye) 
524  Pull  Wave  Rectifier 


Total 

Keyer»recojniser 

7<J7  Penta^rld  Converter 
Twin— trlode  Anplifier 
6.  J7  Amplifier  Pentode 
884  Oae  Trloda 
»50  Gas  Tetrode 
5740  PU11  *..ave  Rectifier 
524  PUll  v.'ave  Rectifier 

Tbtal 

Total  for  Unit 


ffunber  of 
- Tubes 


4 

1 

1 

1 


7 


4 

1 

1 

1 

1. 


8 


10 

4 
1 

5 
4 
a 


1 


• • • • 


I 


fibilJ 

RacalYar  7olta.-83 


< 


- Stag* 

Plata  3up  ly 
(Volta) 

rlata 

(Volta) 

lore  on 
(Volta) 

Cathoda 

(Volts) 

• 

M 

Oa cl 11a tor  - 955 

270 

135 

0 

■ 

lot  rutector  - 954 

270 

255 

X 

7.3 

1st  I-r  (at  ednirtm  gain 

270 

265 

255 

9.0 

— i 

6aC7  (at  full  gain 

270 

245 

133 

5.0 

j 

i-d  I-r  (at  nlnlnin  gain 

270 

260 

225 

9.0 

• 

r i 

6dC7  (at  full  gain 

270 

245 

160 

5.0 

1 

3rd  I-T  - 6*C7 

270 

230 

100 

1.2 

2nd  Datactor  - 6aC7 

290 

260 

120 

4.4 

A-r  Amplifier  - 6U7 

290 

145 

46 

0 

a 

All  control  grids  ara  at  aaro  to  1 tag*. 

WjtfjUH  gain  and  full  gain  refer  to  tha  settings  of  tiio  gain  control  * 

resistor. 


i 


.r 


i * 
i » 


Tabla  4 

l*TlMKOinii«  Stauaa 
tlanant  and  Supply  Voltama 


Sta/s 

Plats  Supply 
. , (T^ts)  . 

Plats  Volts cs 
(Volta) 

Screen 

Toltsc# 

(Vblts) 

Control 

Grid  Voltacs 
(Volts) 

Cathode  Voltacs 
(Volta) 

n 

20  or  120 

3 to  60 

-7.6 

0 

t2 

34  or  120 

23  to  £2 

-7.5  or  -24 

• 

0 

* 

190 

0 to  50 

-6.6 

0 

BTl 

20  or  120 

9 to  70 

—8.0 

0 

Plj 

20  or  120 

7 to  37 

0 

5.3  # 

Pi 

9 or  70 

0 to  45 

0 or  -40 

0 

*1 

145 

145 

0 

. 5.5 

A2 

230 

230 

0 or  -40 

0 

h 

230 

2C5 

245 

0 

• 

9.4 

*4 

230 

230 

-15 

0 

n 

145 

90 

0 

0 

230 

135 

0 

• 

0 

■"3 

230 

230 

0 

0 

"▼a 

230 

160 

0 

0 

All  swt  tc'u-s  lutd  counter 

ata^sst 

• 

Plata  supply  145  solts 
Plata  volt*,;*  20  or  120 
Grid  3 supply  -175 
Grid  3 roltaje  0 or  -40 
Scrsnn  volts,;*  34 
Control  tprU  volt*.;c  0 
C-»tho<la  voltac*  0 


& 3 # 


iabl*  5 

React  Chart 


< 


A la  choaar.  ac  tlmt  Uio  first 
tranaltlon  ch*ncco  !t  fron 
conducting  to  non-comlucti:.g. 


totar»adlata  Clear  out 
_ Suwaaor  React 

A or  B 
A or  1 
A or  8 
A or  | 

A er  p 
A or  B 
Bona 
Bono 
> 

A 

Bona 

Mona 


W-Ai  Claarout  Blinker  Claarout 
gathoda  Raaa^  Supgrasaor  flaaat 

A or  B 

A or  B 

A or  B 

A or  b 

A or  B 

A or  0 

B 

B 

B 

B 

B 

B 


A 

B 

B 


\ 


i 


• • • » 


S' 


The  tujos  in>llcut«*l  in  tiio  r*set  colunro  \ielcm  indicate 
WiicJi  tube  in  a ata  a io  -a.!*  non-con.luct' rH;  Tor  the 
r»*i>ectiva  resot  c;m‘.‘ona,  The  sta.:os  nn>i  tiVo  llnto»i 
ere  ohcarn  in  the  circuit  on  riato  23. 


Xhteraodlate  Clearout  Pinal  Cl an rout  Blinker  Cl aa rout 
— Suppressor  Reset  Catiiode  Reset  Suppressor  l.eset 


A or  B 
A or  B 
A or  B 
A or  B 
A or  B 
A or  B 


A or  B 
A or  B 
A or  B 
A or  B 
A or  B 
A or  B 


Table  6 

jtatea  of  Ellnkor  Counter 


(Refer  to  Plate  1J,  ^clc  cf  Pp«n*.t  a ->f  plin.  *r  'l.-:  :lt) 


Stace  1 Sia  o 2 !C^  Volta,  ;e  on  Volta,.* 

State  Cond.  Hon-Oorvl.  Cond.  Ho '-Conti.  Input  Trlda  of  Soya  > .nulled  to  "To 


B -40  rolta 

Hoc.pulae* 

D -50  rolta 

Pus. Pulse 

A -50  rolta 

Bej.Pul ae  M 

A 0 rolta** 


SO  rolta 
70  rolta 
70  rolta 
150  rolta* 


•jjSj  la  trip  e<i  by  the  first  ne.^tJvc  ;iulno. 
#r2050»3  are  unbloc'.  ad  and  blink  or  li.i.ts. 
it  ~T2  bullvia  up  and  discharges. 


'¥  rntteur/ws 


■ '*•'  rirm oa***s  o * 

4 ft » aav  rc*.  iTt» 


SECRET 


PLATE  13 


/ srmet  cav»ut 


71 


f 


tr*r  e- etcoaw7tc 
G*e  cea  p two  cct  me 
eiecTKONtc  ^YsnM 


PLATi  J* 


TRANSMISSION  LNE  TO  NON 
DIRECTIONAL  ANTENNA 

CONTROL  CABLE 


BLINKER  CABLE 


SHIELD  FOR 
TRANSMITTER 

9-WIRE  CONTROL 
CABLE 

SHIELD  FOR  KEYER- 
RECOGNIZER  AND 
RECEIVER 

RECEIVER  OUTPUT- 
JACKS 

GAIN  CONTROL 
BLOWER  HOUSING, 


VENTILATING  AIR 
INTAKE 


TRANSMISSION  LINE  TO 
DIRECTIONAL  ANTENNA 


ANTENNA  SWITCH 


'PLUNGER 


-TRANSMITTER 

OSCILLATOR 

FILAMENT 

TUNING 


-OUPLEXER 

IECEIVER 

OSCILLATOR 

TUNING 

KEYING  LINE 


MOTOR 


REAR  VIEW  OF  CABINET 


SECRET 


PLATE  102 


BLOWER  HOUSING 


CABINET  SHOWING  BLOWER  AND  MOTOR 


AMBER  LIGHT  INDICATING 
CHALLENGE  OR  INTERFERENCE 


GREEN  LIGHT  INDICATING 
RECOGNITION 


KEYING 

SWITCH 


PILOT  LIGHT  (RED)IN 
ArC  SUPPLY  UNE 


CONTROL  CABLE 


CONTROL  BOX 


SECRET 


PLATE  104  * 


BOTTOM  VIEW  OF  TRANSMITTER 


TOP  VIEW  OF  RECEIVER 


CATHODE 


KEYER- RECOGNIZER 

TOP-REAR  VIEW  SHOWING  COUNTER  ANO  CONTROL  TUBES 
AND  POWER  SUPPLY 


PLATE  IIO 


I 


bJ 


SECRET 


PLATE  III 


FRONT  VIEW  SHOWING  TUBE  BASES  OF  COUNTER  ANO 
CONTROL  CIRCUITS 


NON* DIRECTIONAL  ANTENNA 
SKIRTED  DIPOLE 


m 


PLATE  II 


CONCENTRIC  LINE 


